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Dear Lynn: 

For greater clarity, we are providing a complete amended version of our FDAMA 
notification that was filed on May 1,200l regarding nutrient content claims for foods 
containing choline, which incorporates information provided in our amendments of June 
28,200l and August 20,200l. 

We are modifying the specific wording of the claims desired, namely “good source of 
choline”, “contains choline”, “provides choline “, “excellent source of choline”, “rich in 
choline”, and “high in choline” to contain one of the following descriptive statements: 

“Contains [xo/J of the Daily Value for choline per serving. The Daily Value for choline 
is 550 mg.” or 

“Contains [X mg] choline per serving which is [a] of the Daily Value for choline (550 
mg).” 

We also are modifying the relative claims in the notification, namely “added choline”, 
“more choline”, “enriched with choline”, “fortified with choline”, “extra choline”, and 
“plus choline” to include the following descriptive statements: 

“[Percentage 10% or greater] more of the Daily Value for choline per serving than 
[reference food]. This product contains ]X ma] choline per serving which is rxo/] of the 
Daily Value for choline (550 mg). [Reference food] contains [X mg] choline per 
serving.” 



If you have any questions regarding the contents of t&S amended version of our 
notification, please contact us. 
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Gregory L. Paul, Ph.g 
Director of Nutrition Science 

Terrence E. Quinlan 
Corporate Counsel 
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Notification of Nutrient Content Claims Based on a 

Authoritative Statement Pursuant to 21 U. S. C. 343 (r) (2) (G) 

I. Introduction 

Central Soya Company, Inc. (Central Soya) files this notification to use the following 

nutrient content claims characterizing the level of choline in a food or dietary 

supplement: 

“Good source of choline. Contains m] of the Daily Value for.choline per serving. 
The Daily Value for choline is 550 mg.” 

“Good source of choline. Contains [X mg] choline per serving which is [a] of the 
Daily Value for choline (550 mg).” 

“Provides choline. Contains [a] of the Daily Value for choline per serving. The 
Daily Value for choline is 550 mg.” 

“Provides choline. Contains [X mg;l choline per serving which is ]X%] of the Daily 
Value for choline (550 mg).” 

“Contains choline. Contains ]X%] of the Daily Value for choline per serving. The 
Daily Value for choline is 550 mg.” 

“Contains choline. Contains ]X mgl choline per serving which is ]X%] of the Daily 
Value for choline (550 mg).” 

“Excellent source of choline. Contains IX%] of the’Daily Value for choline per 
serving. The Daily Value for choline is 550 mg.” 

“Excellent source of choline. Contains IX mg] choline per serving which is IX%] of 
the Daily Value for choline (550 mg).” 

“Rich in choline. Contains ]X%] of the Daily Value for choline per serving. The 
Daily Value for choline is 550 mg.” 
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“Extra choline. [Percentage 10% or greater] more of the Daily Value for choline 
per serving than lreference food]. This product contains ]X mg] choline per serving 
which is ]XO/,] of the Daily Value for choline (550 mg). [Reference food] contains 
]X mg] choline per serving.” 

“Plus choline. [Percentage 10% or greater] more of the Daily Value for choline per 
serving than [reference food]. This product contains ]X mg] choline per serving 
which is ]XO/,] of the Daily Value for choline (550 mg). [Reference food] contains 
[X mg] choline per serving.” 

Where “JPercentage 10% or greater]” is the percentage of the Daily Value in the product 

(must be 10% or greater to be eligible for these claims), “[reference food]” refers to the 

name of the food to which the product is being compared, “[X mq]” refers to the 

milligrams of choline in the product, and “JX%]” refers to the percentage of the Daily 

Value in the product. 

For these relative claims, the claim must be presented in its entirety or the last two 

sentences of the claim (i.e., “This product contains [X mg] choline per serving which is 

m] of the Daily Value for choline (550 mg). [Reference food] contains [X mg] choline 

per serving.“) may be placed immediately adjacent to the Nutrition Facts panel, but not in 

the Nutrition Facts panel. 

The size of the nutrient content claims will be consistent with 2 1 C.F.R. 3 101.13(f) 

which states that a nutrient content claim shall be in type size no larger than two times the 

statement of identity and shall not be unduly prominent in type style compared to the 

statement of identity. 

The descriptive statements (e.g., “Contains [X%] of the Daily Value for choline per 

serving. The Daily Value for choline is 550 mg. “; “Contains IX mp;] choline per serving 
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I 

,’ 
greater] more of the Daily Value for choline per serving than [reference food]. This 

product contains [X ma] choline per serving which is Ix%] of the Daily Value for 

choline (550 mg). [Reference food] contains IX mg] choline per serving.“) shall be in 

easily legible boldface print or type, in distinct contrast to other printed or graphic matter, 

and in a size no less than that required by 2 1 C.F.R. 9 101.105(i) for the net quantity of 

contents statement, except where the size of the claim is less than two times the required 

size of the net quantity of contents statement, in which case the descriptive statements 

shall be no less than one-half the size of the nutrient content claim descriptor (e.g., 

“provides choline” or “more choline”) but no smaller than one-sixteenth of an inch, 

unless the package complies with 21 C.F.R. § 101.2(c)(2), in which case the disclosure 

statement may be in type of not less than one thirty-second of an inch. 

These claims are authorized by the Food and Drug Administration Modernization Act 

(FDAMA), 21 U.S.C. 343 (r) (2) (G), as they are based on a current, published 

authoritative statement of the National Academy of Sciences (NAS), specifically the 

Food and Nutrition Board (FNB) of the Institute of Medicine, which established a Dietary 

Reference Intake (DRI), in particular an Adequate Intake (AI), for choline. Specifically, 

the Summary of the choline chapter (Chapter 12, p 390 - 422) in Dietary Reference 

Intakes for Thiamin, Riboflavin, Niacin, Vitamin Bg, Folate, Vitamin Brz, Pantothenic 

Acid, Biotin, and Choline (Food and Nutrition Board, 1998) stated, in its entirety: 

“Choline functions as a precursor for acetylcholine, phospholipids and the 

methyl donor hetaine. The primary criterion used to estimate the Adequate 
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measuring serum alanine aminotransferase levels. The AI for adults is 550 

mg/day of choline for men and 425 mg/day for women. There are no 

nationally representative estimates of the intake of choline from food or.food 

supplements. Choline in the diet is available as free choline or is hound as 

esters such as phosphocholine, glycerophosphocholine, sphingomyelin, or 

phosphatidylcholine. The critical adverse effect from high intake of choline 

is hypotension, with corroborative evidence on cholinergic side effects (e.g., 

sweating and diarrhea) and fishy body odor. The Tolerable Upper Intake 

Level (UL) for adults is 3.5 g/day.” (page 390) 

This notification meets all of the required elements identified in FDA’s “Guidance to 

Industry: Notification of a Health Claim or Nutrient Content Claim Based on an 

Authoritative Statement of a Scientific Body” issued June 11, 1998 as described below. 

We acknowledge that the nutrient content claims for choline listed above for use in 

labeling to characterize the level of choline in a food or dietary supplement are not 

authorized until 120 days after submission of the notification unless FDA modifies or 

denies these claims. Finally, we acknowledge that no formal response to our notification 

is necessary if the agency has no objection to the contents of our notification. 
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II. Background 

Central Soya, located in Fort Wayne, Indiana, is one of the leading producers of soy 

protein, textured soy protein, refined soybean oil and lecithin in the United States and 

throughout the world. Central Soya is particularly committed to creating value-added 

ingredients from soybeans to meet customers’ current and future needs. 

The Food and Nutrition Board (FNB) established a DRI, specifically an AI, for choline in 

1998 (Food and Nutrition Board, 1998). At the same time, the FNB also established an 

AI for two other vitamins, pantothenic acid and biotin. Currently, both of these nutrients 

can be listed on the Nutrition Facts panel. FNB has also established an AI for Vitamin D, 

Calcium, Vitamin K, chromium, and manganese, five other nutrients listed on the 

Nutrition Facts panel. It appears that choline is the only nutrient that has a DRI but is not 

allowed to be listed on the Nutrition Facts panel. 

Currently, no nutrient content claims are available to characterize the level of choline in a 

food or dietary supplement. However, claims that do not implicitly characterize the level 

of a nutrient in the food and that are not false or misleading in any respect are allowed 

(21 C.F.R. 8 101.13 (i) (3)). Thus, foods with choline could claim, “contains 100 mg of 

choline” as long as this claim is not false or misleading. 

Thus, each of the nutrient content claims identified above in Section I, qualifies as “a 

claim . . . for a nutrient, for which the Secretary has not promulgated a regulation” 
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described in FDAMA. FDAMA permits new nutrient content claims without prior FDA 

approval under the following conditions: 

1) A scientific body of the United States Government with official responsibility 

for public health protection or research relating to human nutrition (such as 

the National Institutes of Health or the Centers for Disease Control and 

Prevention), or the National Academy of Sciences or any of its subdivisions 

has published an authoritative statement which identifies the nutrient level to 

which the claim refers; 

2) The authoritative statement is published and is currently in effect; 

3) The claim based on the authoritative statement accurately represents the 

authoritative statement and is presented in a manner that the public can 

comprehend the information provided in the claim and the relative 

significance of the information in the context of the total daily diet; 

4) The claim and foods eligible to bear the claim use existing terms, meet 

existing nutrient content claims regulations and the claim is not false or 

misleading; 

5) A submission has been made, at least 120 days before the first introduction 

into interstate commerce of the food with a label containing the claim, which 

includes: 

A) a notice of the claim, which shall include the exact words in the claim 

and shall include a concise description of the basis upon which the 
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person submitting the claim relied for determining that the 

requirements of point 1 above have been satisfied; 

B) a copy of the authoritative statement that upon which the person 

submitting the claim relied in making the claim; 

C) a balanced representation of the scientific literature relating to the 

nutrient level to which the claim refers. 

The following sections address all the requirements of FDAMA mentioned above and 

clearly substantiate that the claims set forth in this notification are authorized nutrient 

content claims under FDAMA. 



III. Statement Provided,as Basis for the 

Nutrient Content Claims Is Authoritative 
A. The Authoritative Statement 

The nutrient content claims set forth in this notification are authorized by FDAMA, 21 

U.S.C. 343(r)(2)(G), as they are based on a current, published authoritative statement of a 

subdivision of the National Academy of Sciences, namely, the Food and Nutrition Board. 

This statement comes directly from the Summary of the Choline section (Chapter 12) of 

the FNB report: 

“Choline functions as a precursor for acetylcholine, phospholipids and the 

methyl donor betaine. The primary criterion used to estimate the Adequate 

Intake (AI) for choline is the prevention of liver damage as assessed by 

measuring serum alanine aminotransferase levels. The AI for adults is 550 

mg/day of choline for men and 425 mg/day for women. There are no 

nationally representative estimates of the intake of choline from food or food 

supplements. Choline in the diet is available as free choline or is bound as 

esters such as phosphocholine, glycerophosphocholine, sphingomyelin, or 

phosphatidylcholine. The critical adverse effect from high intake of choline 

is hypotension, with corroborative evidence on cholinergic side effects (e.g., 

sweating and diarrhea) and fishy body odor. The Tolerable Upper Intake 

Level (UL) for adults is 3.5 g/day.” (page 390) 
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A copy of the choline chapter of the NAS report on Dietary Reference Intakes for 

Thiamin, Riboflavin, Niacin, Vitamin Bg, Folate, Vitamin Br2, Pantothenic Acid, Biotin, 

and Choline (Food and Nutrition Board, 1998), the bases for these authoritative 

statements under the meaning of FDAMA, is included in Appendix A. 

B. The Authoritative Statement meets FDA Requirements 

In the Guidance to the Industry document provided on June 11, 1998, FDA identified six 

specific elements that clarify the definition of an authoritative statement for the purposes 

of a nutrient content claim under FDAMA. FDA indicated that an authoritative statement 

for nutrient content claims must: 

1) Identify the nutrient level to which the claim refers; 

2) Be published by a scientific body; 

3) Be currently in effect; 

4) Not be just a statement of an employee of a scientific body or in the 

individual capacity of the employee; 

5) Reflect a consensus within the scientific body; and 

6) Be based on a deliberative review of the scientific body. 

The authoritative statement identified above succinctly “identities the nutrient level to 

which the claim refers,” namely, 550 mg of choline per day for men and 425 mg of 

choline per day for women. This Report, which was the result of extensive review of the 

latest scientific literature and numerous meetings discussing science issues, was released 
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in pre-print copy in 1998 and formal Report copies became available in 2000. The 

Report is the most authoritative and current review of B vitamins and associated 

compounds and thus meets the requirement to be “currently in effect.” This authoritative 

statement was “published by the scientific body” as an official NAS publication and is 

not “a statement of an employee of the scientific body made in the individual capacity of 

the employee” and thus satisfies these requirements of FDAMA. The scientific body is 

“NAS or one of its subdivisions”, which is clearly “a scientific body of the United States 

with official responsibility for public health protection or research directly related to 

human nutrition.” 

Thus, the statement provided in this notification meets all the required elements identified 

by FDAMA and FDA to be an authoritative statement. 

FDA has stated the agency will consult “with the scientific body that is the source of a 

statement cited as the basis for a claim” and possibly include consultation “with the other 

federal scientific bodies that have public health responsibility and expertise relative to the 

claim.” In previous communication with NAS, FDA received a response, which 

indicates that NAS stands behind their published reports. Specifically, via a letter on 

April 30, 1999, the Director of the Food and Nutrition Board pointed out that in May 

1997, the National Research Council (NRC) Governing Board of NAS approved a policy 

statement regarding authoritative statements made by it or its subdivisions, the NRC and 

the Institute of Medicine (IOM), noting that authoritative statements “are limited to those 

that represent the consensus of a duly-appointed committee or views of a duly-appointed 
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principal investigator so that they appear explicitly as findings, conclusions, or 

recommendations in a report that has completed the institutional report review process” 

(Yates, 1999). The Dietary Reference Intakes for Thiamin, Riboflavin, Niacin, Vitamin 

B6, Folate, Vitamin B12, Pantothenic Acid, Biotin, and Choline (Food and Nutrition 

Board, 1998) has undergone such institutional review. Thus, it appears that NAS would 

deem the statement provided in this notification as an allowable authoritative statement. 



IV. Scientific Literature on Choline 

Supports the Nutrient Level Used for 

These Nutrient Content Claims 

Choline is important for the structural integrity of cell membranes, cholinergic 

neurotransmission, transmembrane signaling, methyl-metabolism, and lipid-cholesterol 

transport and metabolism (Zeisel and Blusztajn, 1994). Choline is a precursor for 

phosphatidylcholine, sphingomyelin, platelet-activating factor, betaine and other 

phospholipids (Food and Nutrition Board, 1998). Choline speeds the synthesis and 

release of acetylcholine, an important neurotransmitter involved in numerous important 

functions in the body. While it is known that choline is required for cell growth in tissue 

culture, and FNB stated “. . . choline is essential to life.. . ” it has been difficult to show 

that choline is an essential nutrient since there is some de novo synthesis of choline. This 

biosynthesis of choline is dependent on metabolic methyl exchange, which involves other 

known nutrients, namely methionine, folic acid and vitamin Bi2. In one study, healthy 

males with normal folate and vitamin Bi2 status were shown to have decreased pl,asma 

and phosphatidylcholine concentrations and liver damage, as measured by elevated 

alanine aminotransferase, when fed a choline deficient diet for three weeks (Zeisel et al., 

1991). Several other studies have indicated that fatty liver and liver damage associated 

with total parenteral nutrition can be prevented, at least in most individuals with the 

addition of choline or lecithin (a source of choline). These data led FNB to conclude: 



“The data available are supportive of the provisional conclusion that de novo 

synthesis of choline is not always sufficient to meet human requirements for 

choline.” (page 396) 

Based on these data, and other information available, the FNB established various AI’s 

for choline based on gender/age groups. Table 1 lists the AI Ievels established by FNB. 

Table 1. Choline Adequate Intake (AI) Summary 

INFANTS CHOLINE 

O-6 Months 

7- 12 Months 

CHILDREN 

l-3 Years 

4-8 Years 

9-13 Years 

125 mg/day 

150 mg/day 

200 mg/day 

250 mgfday 

375 mgiday 

MALES 

14-18 Years 

19 Years and older 

550 mg/day 
I 
1 550 mg/day 

FEMALES 

I I 

The Adequate Intake for pregnancy and lactation were established as 
450 mg/day and 550 mg/day, respectively (Food and Nutrition Board, 
1998). 
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Another NAS committee, the Committee on Military Nutrition Research (1994), while 

reviewing various components which may increase performance in soldiers, reported in 

the Conclusion and Recommendation section of their Workshop Report: Food 

Components to Enhance Performance, that: 

“Diets deficient in choline produce liver dysfunction within 3 weeks, resulting 

in massive triglyceride accumulation in the liver and abnormalities of liver 

enzymes.” (page 15 1) 

This section states that 500 mg/day of choline has an impact on plasma levels of 

choline and phosphatidylcholine. The Conclusion and Recommendation section also 

included the following conclusions from the scientific literature regarding choline: 

“There is evidence that diets low in choline reduce muscle performance. 

Dietary choline supplementation of individuals with normal intakes during a 

20-mile (32-km) run improved the run time by 5 minutes and prevented the 

drop in choline levels normally associated with the run.” (page 15 1); 

“Choline supplementation enhances memory and reaction time in animals 

particularly aging animals, and enhances memory in humans. Although the 

mechanisms for this are unclear, there are indications of alterations of the 

anatomy of brain cells.” (page 15 1); 
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“With the diversity of functions of choline in the body, there is ample reason 

for interest in. reviewing its possible value in maintaining or enhancing 

performance of the soldier.” (page 15 1); 

“Free choline and choline-containing esters are present in a wide variety of 

foods in the human diet. The usual intake is estimated to be in the range of 

200-1000 mg per day.” (page 150-l 5 1) 

It should also be noted that in this Workshop Report, NAS concluded choline was one of 

the few food components or nutrients that offer potential to enhance performance. 

Choline was included with other well-accepted food components that enhance 

performance, like carbohydrates and caffeine. The Committee made the following 

highlighted recommendation: 

“The committee recommends that choline should be added to the list of food 

supplements that have potential to enhance performance and that are being 

evaluated at the U.S. Army Research Institute of Environmental Medicine 

(USARIEM).” (page 157) 

Additionally, the Committee, based on review of clinical trials in non-military personnel, 

made several specific recommendations as to the type of studies to be conducted in 

soldiers: 
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endurance and muscle performance, and 

2. studies to determine whether choline supplementation enhances 

intellectual performance and whether this alters performance of soldiers in 

the field.” (page 159) 

This report of the Committee on Military Nutrition Research is no longer available from 

the National Academy Press but can be accessed via the Internet at 

www.nar,.edu/openbook/NI00005/html. Appendix B contains a copy of the Conc;lusions 

and Recommendations section of the Report. 

A recent publication (Warber et al., 2000) evaluated the impact of choline 

supplementation on physical performance in fourteen male soldiers. In this double-blind 

crossover study, a placebo beverage or a beverage containing choline was administered 

before and during a, treadmill exercise test while soldiers were carrying a 34.1 kg load. 

The choline beverage supplied 8.4 g choline citrate, which is equivalent to 3 g free 

choline. Plasma choline increased after consumption of the choline beverage (7.69 pM 

for placebo and 17.5 FM for choline beverage, p<O .OOl), however there were no effects 

of choline supplementation on exercise performance. These researchers concluded there 

was no need to add supplemental choline to military operational rations to lessen muscle 

fatigue or to enhance physical performance of soldiers. 
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Since the publication of the NAS report on Dietary Reference Intakes for Thiamin, 

Riboflavin, Niacin, Vitamin Bg, Folate, Vitamin Br2, Pantothenic Acid, Biotin, and 

Choline, several more research reports on the physiological effects of choline have been 

published. These additional reports support the conclusion that choline is an essential 

nutrient that has important physiological functions. Misra et al., (1999) reported that low 

plasma free choline was associated with elevated liver aminotransferase and hepatic 

steatosis in adults on home parenteral nutrition. This group found similar indications for 

children in a small case-control study. Twenty-one children who required long-term (75 

& 13 months) home parenteral nutrition were compared to 3 1 healthy children. The mean 

plasma free choline concentration in children on home parenteral nutrition was 6.3 f 4.3 

nmol/ml which was significantly (p = 0.002) lower than healthy children (8.0 f 2.3 

nmol/ml). These researchers also reported a significant negative correlation between 

plasma free choline concentration and aspartate aminotransferase and alanine 

aminotransferase (r = -0.72, p= 0.04 and r = -0.80, p = 0.02, respectively). Misra et al., 

(1999) concluded that patients on long-term home parenteral nutrition have a significant 

risk for the development of choline deficiency. Previously, Buchman et al., (1995) had 

shown that hepatic steatosis could be ameliorated and possibly prevented by choline 

supplementation during parenteral feeding. In four patients, which had received total 

parenteral nutrition for 9.7 & 4.7 years, supplementation of choline chloride of 1 to 4 

g/day increased plasma free choline into the normal range and resolved hepatic steatosis 

completely. Plasma free choline remained at or above normal range during choline 

supplementation but decreased to baseline levels after discontinuance of choline 
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supplementation. These researchers concluded choline might supplementation. These researchers concluded choline might be an essential nutrient for be an essential nutrient for 

those individuals on long-term parenteral nutrition. those individuals on long-term parenteral nutrition. 

In another report, Jacob et al., (1999) evaluated the impact of folate (another nutrient 

involved in methylation pathways) depletion and repletion on choline status, namely 

plasma choline and phosphatidylcholine concentrations. In two separate metabolic 

studies using 21 subjects (11 men and 10 women), total folate intake was varied by 

supplementing low folate (25 mg/day and 56 mg/day for men and women, respectively) 

and low choline (238 mg/day and 147 mglday for men and women, respectively) diets 

with pterorylglutamic acid for up to six weeks after folate depletion periods of 4-5 weeks. 

Low folate/low choline diets caused a decrease in mean plasma choline of over 25% in 

men and women. Additionally, choline status returned to baseline or higher after 

moderate folate repletion. These researchers concluded that choline is used as a methyl 

donor when folate intake is low and that de novo synthesis of phosphatidylcholine is 

insufficient to maintain choline status when intakes of folate and choline are low. These 

data support the conclusion of FNB in that more than 250 mg/day of choline is needed 

per day to maintain choline status. 

Zeisel, (2000a) provides an excellent summary of why choline is considered an essential 

nutrient by NAS and concludes that choline in the diet is important for several reasons. 

He was especially interested in recent findings, in animals, on the role of choline in brain 

development. Several publications on the effects of choline on memory and learning in 

rats have recently been published (Tees, 1999; Tees and Mohammadi, 1999; Thomas et 
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al., 2000) and mice (Ikarashi et al., 2000). In one study, rats were exposed to choline 

both pre-natally, via diet of pregnant rats, and post-natally, via a subcutaneous injection, 

for 24 days (Tees and Mohammadi, 1999). At 90 days of age, the rats were subjected to 

a series of memory tests. In the initial test, a Morris water maze, rats had to first find the 

hidden platform and then were required to find the platform again in 10 minutes. 

Animals in the group that received choline neonatally found the platform significantly 

faster than the animals in the control group. Neonatally treated rats also performed 

significantly better than control rats in another task, namely, a visual transverse 

patterning discrimination test. Tees, (1999) reported that there was an interaction 

between early environmental enrichment and choline supplementation. Rats were either 

exposed to a standard lighted colony or were given exposure to a “complex 

environment.” One-half of each group was given choline pre-natally and post-natally for 

24 days. While sex and early diet was not a factor in certain investigative behaviors 

examined, in the water maze test, choline-treated male rats exposed to the complex 

environment had an improved ability to locate the hidden platform. He concluded that 

choline supplementation offers some long-term functional benefits that are probably 

related to cholinergic basal forebrain function. Ikarashi and colleagues, (2000) showed 

that free choline in plasma decreased dramatically in mice given choline oxidase 

intraperitoneally. As compared to saline-treated controls, mice given choline oxidase 

showed significant inhibition to learn avoidance from electric shock but had no effect on 

impairment in retaining memory once learned. These researchers concluded that choline 

might be more involved in passive avoidance learning than in maintenance of memory. It 

has been suggested that comparable studies to those discussed above need to be 



conducted in humans (Zeisel, 2000a). The improved memory associated with added 

choline during the neonatal period has been replicated in two species across several 

laboratories. These effects appear real and are robust. While human studies are 

underway to better assess the effects of choline on brain function, the potential for 

improvement of age-impaired memory in humans is real. This improvement in age- 

impaired memory, probable positive impact on brain function of choline supplied 

neonatally through the diet of pregnant women, and the potential sparing effects of folate 

metabolites by choline all argue for increasing choline in the American diet. Increased 

choline in the diet could come from increasing consumption of foods already high in 

choline. However, since most foods with meaningful levels of choline are high in fat, 

saturated fat and/or cholesterol and Americans are trying to reduce these kinds of foods in 

their diet, fortification of appropriate foods with choline is warranted. 

Thus, while the FNB report contains the best available review of choline metabolism, 

more recent research continues to support the conclusions in the FNB report that choline 

is an essential nutrient and suggests that choline may have an important role in brain 

function, though more research is necessary to understand the role of choline in brain 

function in humans. Fortification of certain foods with choline seems to be a reasonable 

and effective way to increase choline intake in America. 
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Nutrient Content Claims 

Choline and esters of choline are found in many foods usually in the form of 

phosphatidylcholine in various membranes (Food and Nutrition Board, 1998). The 

Committee of Military Nutrition Research (1994) estimated that choline intake ranged 

from 200-l 000 mg/day. FNB estimated intake of dietary choline (as free choline and 

choline in phosphatidylcholine and other choline esters) in adults to be 730-l 040 mg/day. 

FNB also indicated that older assay procedures for choline were imprecise and some 

were unreliable since the procedures did not include glycerophosphocholine or 

phosphocholine. 

A. Defining a Daily Consumption Value for Choline as 550 mg/day 

FDA determined that for vitamins and minerals “ . .-label reference values (i.e., RDI’s) 

should be based on an approach that selects the highest NAS RDA values from among 

those for adults and children 4 or more years of age but excludes values for pregnant and 

lactating females” (58 FR 2211). Adult men have the highest Adequate Intake for 

choline, namely, 550 mg/day. Using a similar approach to that used by FDA for 

establishing RDI’s for other nutrients with differing recommended intakes for various 

age, gender or physiological states, we suggest that 550 mg/day be considered a Daily 

Consumption Value for choline. While this will provide more choline than needed by 

certain other age/gender groups, given the Upper Tolerable Intake is 1,000 mg/day in 

children 4 to 8 years of ages and 3,500 mg/day in adults, there should be no safety 
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this approach for other nutrients, including nutrients with Estimated Safe and Adequate 

Daily Dietary Intakes (ESADDI) (58 FR 2212), children eating from the general food 

supply are extremely unlikely to be at risk for any harmful effects with a Daily 

Consumption Value for choline of 550 mg/day. 

Daily Reference Values (DRV) and RDI’s are established for adults and children 4 or 

more years of age. Thus, the specific nutrient content claims for choline requested in our 

notification are not to be used to label products specifically targeted to children less than 

four years of age. 

Manufacturers should also be aware that if a DRV or RDI is established for choline in the 

future by FDA, the amount of choline required per Reference Amount Customarily 

Consumed (RACC) to make a nutrient content claim could change from the Daily 

Consumption Value of 550 mg/day. 

B. Defining levels for “good source,” “more,” and “high” claims 

FDA and others have extolled the benefits of helping consumers understand the meaning 

of the nutrient content of foods. FDA’s approach to developing a system of nutrient 

content claims in response to the Nutrition Labeling and Education Act of 1990 

emphasized three objectives: 

1) Consistency among definitions; 
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2) Claims that are in keeping with public health goals; and 

3) Claims that can be used by consumers to maintain healthy dietary practices 

(58 FR at 2319 cited from 56 FR at 60431). 

The authorized claims in this notification are consistent with these objectives. First, the 

claims use definitions that are all currently in use or authorized for use. Second, NAS has 

determined 550 mg/day of choline as an Adequate Intake. Third, consumption of 

choline, an essential vitamin, is consistent with maintaining health dietary practices. 

FDA has previously authorized certain nutrient content claims for foods containing 

substances with a defined DRV or RDI. Foods may provide a “good source” claim of a 

particular nutrient if the food provides at least lo- 19% of the established. DRV or RDI per 

RACC. FDA has also ruled that synonyms for the “good source” claim include 

“contains” and “provides” (2 1 C.F.R. 5 101.54 (c)). Foods may also use an “excellent 

source” claim if the food provides 20% or more of the DRV or RDI per RACC. 

Synonyms for this claim include “high” or “rich in” (21 C.F.R. 6 101.54 (b)). Foods may 

use relative claims’such as “more,” “fortified,” “enriched,” “added,” “plus,” and “extra” 

if the food contains at least 10 percent more of a DRV or RDI per RACC than an 

appropriate reference food (21 C.F.R. 6 101.54 (e)). 

As we have noted above, a Daily Consumption Value for choline based on the AI 

established by NAS should be 550 mg per day. Thus, a food or dietary supplement that 

contains 55 mg of choline is a “good source of choline” (550 mg/day X 0.10) and a food 
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that contains 110 grams or more of choline is an “excellent source of choline” (550 

mg/day X 0.20). Thus, foods that provide 55 mg of choline per RACC would be eligible 

to claim “good source of choline” and foods providing 110 mg of choline or more per 

RACC would be .allowed to claim “an excellent source of choline.” Foods with at least 

55 mg more choline/RACC than an appropriate reference food will also be eligible for 

relative claims, such as “more choline.” Additionally, modified versions of foods with a 

standard of identity may also be eligible for certain nutrient content claims authorized in 

this notification if they meet the requirements of 2 1 C.F.R. 9 130.10. 

To further aid consumers, manufacturers will be required to provide information on the 

amount of choline on a per serving basis and/or as a percentage of the Daily 

Consumption Value. However, because “Daily Consumption Value” is an unfamiliar 

term to consumers and manufacturers, the more famihar term “Daily Value” will be used 

instead. Thus, “Contains [X mg] choline per serving which is [X0/,] of the Daily Value 

for choline (550 mg).” or “Contains [X%] of the Daily Value for choline per serving. 

The Daily Value for choline is 550 mg.” will appear immediately adjacent to the nutrient 

content claims. For relative claims, similar information (i.e., “[Percentage 10% or 

greater] more of the Daily Value for choline per serving than [reference food].“) must be 

placed immediately adjacent to the relative claim. Additional required information (i.e., 

“This product contains ]X mg;] choline per serving which is IX%] of the Daily Value for 

choline (550 mg). [Reference food] contains [X mg] choline per serving.“) must be 

provided immediately adjacent to the relative claim or on the nutrition information panel 

outside the Nutrition Facts panel. Thus, foods and dietary supplements using the nutrient 
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content and relative claims authorized in this notification will be required to provide 

choline content information on the label to further help educate consumers about the 

choline content of foods. Finally, foods and dietary supplements using these choline 

nutrient content claims would be required to meet all other applicable labeling 

requirements. 

C. Analytical Determination of Choline in Foods and Dietary Supplements 

Choline content in foods and dietary supplements will be determined by high-pressure 

liquid chromatography (HPLC) and gas chromatography-mass spectrometry as described 

by Pomfret et al., (1989). Briefly, i4C labeled-choline standards were used to determine 

eluted peaks after separation by HPLC. Internal standards of choline moieties labeled 

with stable isotopes were used to correct for recovery during the assay. With the use of a 

microprocessor controlled solvent delivery system with two buffers, Pomfret et al., 

(1989) were able to elute betaine and acetylcholine with the first buffer, choline and 

glyceropbosphocholine during transition to the second buffer and phosphocholine with 

the second buffer. Fractions were collected and hydrolyzed to release free choline. In 

aliquots of the fractions, the free choline moiety was converted to propionyl esters, 

methylated and isolated using gas chromatography. Isolated compounds were then 

fragmented by mass spectrometry. 

Recently, the United States Department of Agriculture (USDA) provided a research grant 

to Dr. Steven Zeisel of the University of North Carolina - Chapel Hill to conduct analysis 

of choline content of foods. This grant titled, “Choline content of commonly eaten 
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foods” (USDA Agreement # 58-1235-o-059 CRIS # 1235-52000-032-10s) will use 

methods similar to Pomfret et al., (1989) and will analyze enough foods to determine the 

choline intake in the US population via various dietary surveys conducted by USDA 

(Zeisel, 2000b). Thus, shortly the choline content of a large number of foods will be 

added to the USDA Nutrient Database and food manufacturers may be able to use these 

data to determine if their products are eligible for the claims authorized in this 

notification. 

D. Choline Content of Some Common Foods 

Based on information provided from Zeisel and Blusztajn (1994), the choline content of 

various foods are provided in Table 2. As can been seen in Table 2, only a few foods 

qualify for the nutrient content claims for choline listed in Section I of our notification. It 

should also be noted that the foods that do qualify for these claims are typically higher in 

fat, saturated fat and/or cholesterol. Many Americans, based on recommendations from 

various private and government public health organizations, are decreasing fat, saturated 

fat and cholesterol in their diet. Consuming less fat, saturated fat and cholesterol will 

probably lead to a concomitant decrease in choline intake. Thus, we expect that choline 

will be added to certain foods at levels to qualify for the nutrient content claims listed in 

this notification. 

29 



FOOD 

Apple 
Banana 
Beef Liver 
Beef Steak 
Rnttm- UUCCII 
Cauliflower 

CHOLINE CHOLINE 
CONTENT, RACC’, g CONTENT PER 
mglg RACC’, mg _- 
0.0335 140 4.6Y 
0.0309 140 4.32 
c 3c)‘)o 

( J.3LLO 
02 ( OJ 452.44* 

1 0.6875 I 1 85 58.44 
3.29 I o-2352 __---- 14 

) 0.4429 85 37.65 
Corn Oil 0.002 1 14 0.03 
Coffee 0.0153 240 3.67 
Cucumber 0.0334 85 2.84 
Egg 5.6464 rn 282.32* - n ?? Ginger Ale 
Grape Juice 
Trehm-o T .ettllr.e L”W”V’~ --.*--- 
Margarine 

3u 

~~ 1 0.0009 240 U.LL 
( 0.0515 240 12.36 
I ti3236 -_--- - 85 27.5 1 
1 0.0515 14 0.72 

IUIilk(Bovine, 0.0395 
h-an cw 0.0743 VI’UAb.e -_-, .- 140 10.40 
Peanut Butter 0.8155 32 26.09 
Peanuts 0.9967 30 30 on 

1 .a Potato 0.0870 -lU 

Tomato 0.0535 85 
Whole Wheat Bread 0.1372 50 
’ RACC is Reference Amount Customarily Consumed. 

67.7” 

9.58 
4.54 
6.86 

* Eligible for “high” claims. 
Modified from Zeisel and Blusztajn (1994). Used a molecular weight of choline 
of 104 g/mole. 



VI. Addition of Choline to Certain 

Foods is Consistent with FDA’s 

Fortification Policy 

A. Addition of Choline to Foods and FDA’s Fortification Policy 

As discussed in Section IV, choline is important for the structural integrity of cell 

membranes, cholinergic neurotransmission, transmembrane signaling, methyl- 

metabolism, and lipid-cholesterol transport and metabolism. Choline is a precursor for 

phosphatidylcholine, sphingomyelin, platelet-activating factor, betaine and other 

phospholipids. Also, choline speeds the synthesis and release of acetylcholine, an 

important neurotransmitter involved in numerous important functions in the body. 

Because of the importance of choline in human nutrition, we expect that choline will be 

added to certain foods. FDA’s Fortification Policy (21 C.F.R. $ 104.20) establishes “a 

uniform set of principles that serve as a model for the rational addition of nutrients to 

foods” and states that the addition of nutrients to specific foods can be an effective way to 

maintain or improve the overall nutritional quality of the food supply. In this policy, 

indiscriminate addition of nutrients is discouraged. The policy also points out that 

addition of nutrientsto certain foods like fresh produce; meat, poultry or fish products; 

sugars; or snack foods such as candies and carbonated beverages is inappropriate. We 

took these points into consideration to develop a list of foods for possible choline 

fortification. We also considered several other points listed in the Fortification Policy as 
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we created this list of foods. In particular, the logical sources of choline (choline 

chloride, choline bitartrate and lecithin) are stable in foods under customary conditions of 

storage and distribution and are physiologically available from the foods in which they 

are added. As discussed in the next section, there is a reasonable assurance that 

consumption of foods with added choline will not result in an excessive intake of choline 

in the diet, even for children 4 to 8 years of age. And, the addition of choline to foods 

must be done in accordance and in compliance with applicable provisions of the Food, 

Drug and Cosmetic Act and regulations governing the safety of substances in food. 

Finally, any claim or statements used in labeling of food about the addition of choline to a 

food must not be false and misleading and must comply with the Food, Drug and 

Cosmetic Act and any applicable regulations. 

Unfortunately, there are no nationally representative estimates of choline intake from 

food or food supplements to help identify a potential nutritional problem concerning 

choline. Wowever, some inferences can be drawn about current choline intakes by 

looking at food intake trends of certain foods known to be high in choline. Data on food 

intake over the last 15-20 years indicate that foods that are typical sources of choline, 

namely eggs, whole milk, meat and table fats are being consumed in less amounts by 

Americans. Enns and colleagues (1997) reported that over the last 17 or so years, the 

average consumption of eggs has decreased by 33% (24 g/day to 16 g/day) in women 20 

years of age and older and by 39% (38 g/day to 23 g/day) in men 20 years of age and 

older. Fluid milk intake, and in particular whole milk intake, has also dropped 

significantly in the US adult population. Fluid milk consumption decreased 11% 



(15 1 g/day to 135 g/day) in women and 17% (2 14 g/day to 178 g/day) in men but whole 

milk decreased 48% (67 g/day to 35 g/day) in women and 70% (102 g/day to 54 g/day) in 

men. Low-fat and skim milk consumption has increased considerably. Beef 

consumption and table fat consumption also decreased from 1977-78 through 1994-95. In 

men 20 years of age and older, beef consumption decreased from 72 g/day to 38 g/day 

(47% decrease). In women 20 years of age and older, beef consumption decreased from 

47 g/day to 19 g/day (60% decrease). The impact of decreased beef consumption is 

offset somewhat by the increase in meat consumption fi-om mixed dishes’ (60 g/day to 85 

g/day in women and 92 g/day to 137 g/day in men). Over the 17 or so years examined, 

table fat decreased 3 g/day in both men and women (50% decrease in women and 37.5% 

decrease in men). On one hand, these decreases in higher fat foods are good for 

Americans and are consistent with recommendations from health professionals. On the 

other hand, as consumption of foods with higher fat content decreases in the American 

diet there is an increased chance of not consuming the recommended level of choline. 

However, direct quantification of choline intake will have to await completion of the 

analytical work underway to determine choline content of most foods. 

B. Fortification with Choline is Safe 

The addition of choline to food must be safe and lawful. Currently, three sources of 

choline are affirmed as GRAS (Generally Recognized As Safe), namely lecithin, choline 

chloride and choline bitartrate. These sources can be used according to current good 

’ Includes mixtures having meat poultry or fish as the main ingredient, such as chicken cacciatore, beef 
loaf, chili con came, venison stew, hash, tuna salad; frozen meals in which the main course is a meat, fish 
or poultry item; meat, fish or poultry sandwiches coded as a single item, like cheeseburger on a bun; and 
baby food meat and poultry mixtures. 
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396 

incrca$cd i: 1110 the normal range but dccrcascd back to basclinc 
when choli nc supplcmcnlation wa8 discontinued. Fatty liver was 
rcsolvcd con-Jplc& during choline supplcmcntalion b& stcalosis 
(fifty livct) rccurrcd in one pat&L aftir 10 WC&S of rtxurn LO 
choline-free TPN. The available data support the provisional con- 
clusion that dc novo synthesis of choline is noI always sufficient LO 
meet human rcquircrncrm for choline, 

DlKTARY RWF.RF.NCK TNTAKKS 

Supporting animal ‘studies (in many spccics, such as Lhc baboon) 
also found that a cholincdcficicnl diet rcsuitcd in dccrcascd 
choline stores and liver dysfunction (Hoffbaucr and Zaki, 1965; 
Shcard cl al., 1986; Tayck cl al,, 1990; Yao and Vance, 1990). The 
following animals fed a cholincdcficicnl diet may bc susccptiblc LO 
dcvcloping growth rctardalion, renal dysfunction and hcmorrhagc, 
or bone abnormalities: baboon (Hoffbaucr and 7aki, 1965)) chicken 
(Blair ct al., 1973; Kctola and Ncshcim, 1974), dog (hxl and 
Huntsman, 1932; Hcrshcy, 1931>, guinea pig (Tani ct al., 1967), 
hamster (Handler, 1949), pig (Blair and Ncwsomc, 1985; Fairbanks 
and Kridcr, 1945), quail (KcuJa and Young, 1973), rat (Ncwbcmc 
and Rugcrs, 1986)) and trout (Kctola, 1976). 

SELJXTION OF’ INDICATORS FOR ESTIMATING 
THE REQUIREMENT FOR CHOLINE 

Mahm of Liver L)ysjmction 
The liver is damaged when humans,consumc an othctwisc ado 

qualc diet that is dcficicnl in choliric, rcsulling in clcvatcd alaninc 
aminoLransfcrasc lcvcls in blood (Burl cl al., 1980; Tayck CL al., 
1990; Zciscl ct al., 199 I), FaUy Millration of liver also occurs in 
choline dcficicncy but is difficulr LO USC as a fiuxxional marker with- 
out special liver imaging lcchniqucs (Buchman ct al., 1992). 

Hcpa~ic choline and choline mcrabolilc ~~n~~ntrati~n~ have been 
shown LO dccrcasc during choline dcficicncy in tic rat (7xiscl ct al., 
1989). Phosphocholinc conccnuation in liver is highly corrclauzd 
wilh diclary choline intake, dccrcasing LO 10 LO 20 pcrccnt of con- 
trol valuca aficr 2 weeks on a diet sufficicnl in mclhioninc, folatc, . and vihmm B,* but dcficicnt in choline (Pomfict CL al., l$I90). 
Hcpatic phosphocholinc concentration was most &cnsiljvc IO modest 
dietary choline dcficicncy, dccrcasing to 10 lo 20 pcrccnt of con&o1 
values aficr 2 weeks of a deficient dicr (Pomfrct CI al., 1990), This 
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mcawrcmcnt is nol ca&ly undcrtakcn in humans, although mag- 
nctic rcsonancc spcc~roscopy dots makes it possible (Cohen CL al., 
1995), 

Phsmu Concmt7atima.s 
Plasma choline conccntralion varies in rcsponsc LO dicl and is 

found in the watcr-solublc Fraction as free choline (Buchman CL al,, 
i99S; Burt ct. al,, 1980; Chawla cl al., 1989; Shcard CL al., 1986; 
Z&cl CL al,, 1991). TI dccrcascs approximately 30 pcrccnt in sub 
jccb fed a cholincdcficicnt dicl for 3 weeks (Zciscl CL al., 1991). 
Plasma choline conccnLration can incrcasc twofold a&r a meal high 
in choline conmu and Ihrcc- or fourfold after a supplcmcntal cho- 
Iinc dose (Z&cl CL al., 1980b). Fadng plasma choline conccnlra- 
lions vary from 7 to 20 pmol/L, with.mosl subjccu having conccn- 
trations of 10 pmol/I,. The disadvantage of using plasma choline as 
a functional indicator is lhal thcsc conccnvations do not appear LO 
dcclinc below approximately 50 pcrccnt of normal, cvcn when sub 
jccts f&t for mote than 1 week (Savcndahl ct al., 1997). Perhaps 
this is,bccausc mcmbranc phospholipids, which arc a large storage 
pool for choline, arc hydrolyxcd LO maintain plasma choJinc con- 
ccnuation above this minimal lcvcl, Fasting plasma phosphatidyl- 
choline conccntralions (mostly as part of plasma lipoproteins) arc 
approximately 1 LO 1.5 mmol/I, (Aquilonius c1 al., 1975; Zciscl CL 
al., 1980b, 199 1) , Plasma phosphaGdylcholinc condcnvaLion also 
dccrcaws in choline dcficicncy (Z+cl cl al., 199 1) but is also influ- 
cnccd, by factors that change plasma lipoprotein lcvcls. 

Dementia 

Reduction of &.sk of Chronic Disease 

Studies in rodcnls suggest thal dietary in&kc of choline early in 
lift can diminish the scvcrity of memory dcficiu in aged animals 
(Bartus ct al., 1980; Meek and Williams, 1997a, h, c). Most available 
human studies have used cholinc-contiining compounds to U-cat 
rather rhan prcvcnr the symptoms of dcmcntia and lhcrcforc did 
noi address whcthcr dcmcntias could bc prcvcntcd. In the abscncc 
of food composition data, cpidcmiological studies on lhc associa- 
lion of choline intake with dcmcntia arc not available. Marc human 
sludics arc nccdcd LO dclcrminc whcthcr dietary choline inwkc is 
useful in rhc prcvcn tion of dcmcnria 



The choline-containing phospholipid phosphatidylcholine (lecithin) 
has been used as a treatment. to lower cholesterol concentrations 
because lecithin-cholesterol acyltransferase has an important role 
in the removal of cholesterol from tissues. In humans phosphatidyl- 
choline ingestion is associated with a modest reduction in plasma 
cholesterol (Hirsch et al., 1978; Wood and Nlison, 1982; Z&e1 et 
al., 1991). In addition, choline or betaine treatment has been used 
to lower high plasma homocysteine concentrations (Anonymous, 
1997; Dudman et al., lY87; Wendel and Bremer, 1984; W&ken et 
al., 1983, 1985), and choline-deficient rodents have elevated plasma 
homocysteine concentrations (Varela-Moreiras et al., 1995) (see 
Chanter 8, “Vascular Disease”). Wendel and Bremer (1984) report- 
ed &at betaine treatment w& more effective than folate treatment 
in normalizing plasma homocysteine and metbionine concentra- 
tions of a child with homocystinuda, a genetic disease caused by 
5, IO-methylenetetrahydrofolate reductase deficiency (choline is the 
precursor for betaine, which itself is found in sugar beets and wine). 
Therefore, dietary choline intake might be correlated with cardim 
vascular disease risk. More human studies are needed before con- 
clusions can be drawn about whether dietary choline intake is use- 
ful in preventing cardiovascular disease. 

Gmxr 

In rodents dietary choline deficiency is associated with increased 
incidence of liver cancer and increased sensitivity to carcinogenic 
chemicals (Newberne and Rogers, 1986). The mechanisms of the 
carcinogenic actions of choline deficiency are not known but may 
be mediated by changes in protein kinase C activity (da Costa et al., 
1995, 1993), There are no human data; studies in humans are 
needed to assess the role of dietary choline in the prevention of 
cancer. 

FACTORS AFFECTING THE CHOLINE REQUIREMENT 

Nutrient-Nutrient Interactions 
Any consideration of the requirements for choline and 

methionine needs to include the close interrelationships with other 
methyl donors. Choline, methionine, and folate metabolism inter- 
act at the point that homocysteine is converted to methionine, 
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Rc~ainc-homo’cysLcillc mclhylu-ansfcrasc cataiyzcs the mcthylation 
of homocyslcinc using bctainc cu lhc methyl donor (SCC Figure 12-I ) 
(Finkclstcin ct al, 1982; Mudd and Poole, 1975; Wang and Thompson, 
1972). Tn an altcmaLivc pathway, 5-mclhyluzLrahydrofolaLc-hornocys- 
tcinc mcLhy1rransfcrz.c rcgcncralcs mclhioninc hy using a methyl 
group dcrivcd dc nova from the singlccarbon pooi (Finkcls~cil~ CL 
al.,, 1982, 1988), Mcthioninc adcnc?sylu-an&raw converts mclhioninc 
LO Sadcnosylm~Lhionillc (the active mclhylating agcnL for many 
cnzyrnaGc mcthylalions, including lhc mclhylation of phosphati- 
dylc0~anolaminc LO form phosphaGdylcholinc [Ridgway and Vance, 
1988]). 

Pcrlurbing Lhc mclabolism of one of the methyl donors rcvcals 
the inlcnningling of t.hcsc mclaholic pathways. To&l hcparic folatc 
con~cn~ dccrcascd by 31 10’40 pcrccnl in rats aficr 2 WC& on a 
cholincdcficicni diet (Sclhub CL al., 1991; Varcla-Morciras CL al., 
1995). This cffcci was rcvcrscd by rcfccding choline (Varcla- 
Morciras CL al., 1995). Raw fed dicta dcficicnl in both mclhioninc 
and choline for 5 weeks had hcpalic folauz concentrations IhaL wcrc 
half of those prcscrrl in conuols (Hornc CL al., 1989). Tclrahydro- 
folatc dcficicncy in raLs, induced by trcatmcnt with mc\holrcxalc 
(Bar&k and Kcmmy, 1982; Barak CL al., 1984; Freeman-W&trod CL al., 
1977; Pomfrcl ct al., 1990; Svardal CL al., 1988) or by dietary folaic 
dcficicncy (Kim cl al., 1994) rcsultcd in diminished hcpatic total 
choline, wilh lhc grcauzsl dccrcasc occurring in hcpaGc phospho- 
choline conccntrdLions, During choline dcficicncy in rats, hcpatic 
S-adcnosylmclhioninc conccncrations also dccrcascd by as ‘much as 
50 pcrccnl (Barak CL al., 1982; Poiricr CL al., 1977; Shivapurkar and 
Poiricr, 1983; Zciscl ct al., 1989). In raLs choline dcficicncy for 2 
weeks doubled plasma homocystcinc lcvcls (Varcla-Morciras cl al., 
1995). See Chaprcrs 7 and 8 for more information on plasma 
homocyslcinc. 

Malts may have a higher choline rcquircmcnt than do fcmalcs. 
Fcmalc mu arc less scnsitivc LO choline doficicncy Ihan arc malt 
rats (Tcssilorc CL al., 1995), perhaps bccausc of fcmalcs’ cnhanccd 
capacily LO form L~C choline moiety dc nova. Fcmalcs rals have 
grcaLcr phosphaGdylclha.nolaminc-Nmcthyl~ransfcrasc activity in 
liver lhan do malts (Arvidson, 1968; l3jornslad and Btcmcr, 1966; 
Lyman CL al., 197 1). Estimatis of Lhc amount of incrcascd activity 
vary bclwccn 10 (I.yman CI al., 1971) and 50 pcrccnt (Bjomstad 
and Brcmcr, 1966). A woman’s capaciiy LO form Ihc choline moicly 
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dc nova may dccrcasc aflcr mcnopausc (Lindblad and Schcrecn, 
1976)) bccausc cvvogcns incrcasc hcpacic phosphatidylcthanolaminc- 
Mmcthyllransfcrasc ac&ily in rates (Drouva cl al., 1986; Young, 
1971). 

Strenuous physical activity in lraincd alhlctcs rcduccd lhc plasma 
choline conccnvalion by approximately 40 pcrccnt, from 14.1 LO 
8.4 pmol/I, (Conlay ct al., 1986). A choline supplcmcn~ given 10 
maralhon runners rnodcstly cnhanccd pcrfomlancc (Sandagc CL 
al., 1992). In IO topIcvc1 Lriathlctcs who wcrc given cilhcr a place 
bo or lecithin al 0.2 g/kg body mass 1 hour bcforc each type of 
cxcrc.isc, plasma choline cor~cntraLions in all the triathlctcs dc- 
crcascd on avcragc by 16.9 pcrccnL aflcr the hicyclc cxcrcisc when 
placebo was t.ak.cn bcforc the race but did no~ do so when lecithin 
wa3 given (Van Allwordcn CL al., 1993). 

No c&males arc amilablc for pcrccntagc absorption of the various 
forms of choline in humans. The watcr-solublc cholinodcrivcd com- 
pounds (choline, phoaphocholinc, and glyccrophosphocholinc) arc 
absorbed via Lhc porlal circulalio!l whcrcas the lipid-soluble com- 
pounds (phosphalidylcholinc and sphingomyclin) prcscnl in foods 
arc absorbed inlo lymph as chylomicrons via the Lhoracic duct. This 
rcsuhs in diffcrcntial dclivcry and.,kinctics of disLribulion to Lissucs 
(Chcng cl al., 1996; Z&cl ct al., 198Ob), 

FTNDIXGS BY LIFE STAGE AND GENDER GROUP 
Data arc not sufflcicnt for deriving an EsCmatcd Avcragc Rcquirc- 

mcnt (FAR) for choline. The LWO published studies in healthy 
humans used malt sut$cls only and rcstcd a single lcvcl of choline 
intake. For thcsc reasons only an Adcquatc Tnlakc (AI) can bc csri- 
mated. This amount will bc influcnccd by the availability of 
mcthioninc and folatc in Ihc dicL 11. may bc influcnccd by gcndcr, 
pregnancy, lactation. and stage of dcvclopmcnt. Although ATs arc 
set for choline, il may bc that the choline rcquircmcnt can bc mcL 
by cndogcnous synLhcsis at some of thcsc stztgcs. 

To date, ail studies have used choline-frCc diets and compared 
Lhcrn with cholincconwining diets; no intcrmcdiatc lcvcls of dcfi- 
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cicncy have been rcportcd. Careful dosercsponsc cxpcrimcnls arc 
nccdcd bcforc an FAR can bc dcrivcd. 

Infanti Ages 0 through I.2 Months 

Method Used to Set theAI 
An Al is used as chc goal for in&kc by infants. 

Agtw 0 thrmgh 6,Munths. The AI rcflccu ~hc obsctvcd mean intake 
of choline by infan& consuming human milk. Thus rhc choline AT 
for young infanls is based on mean in&kc da@ from it&n&s fed 
human milk cxclusivcly for their first 6 months and uses Lhc choline 
ConccnuxLion of milk produced by well-nowishcd tno0~cn. Human 
milk contains 160 to 210 mg (I .5 LO 2 mmol)/L of choline moiety 
dclivcrcd as choline, phosphocholinc, glyccrophosphocholinc, 
phosphatidylcholinc, and sphingomyclin (Holmes-McNaq ct al., 
1996; Z&cl ct al., 1986), The choline phospholipids sphingomyclin 
and phosphalidylcholinc arc part of rhc milk far-globule mcmbranc 
(Holmes-McNary ct al,, 1996; Zciscl cl al., 1986). 

Rat pups dcnicd access 10 milk have lower strum choline conccn- 
mtions than do ticir fed Ii&r mates (i&iscl and WurlJnan, 1981). 
Thus, milk inlake convihutcs LO $c mainLcnancc of high strum 
choline conccntntions in lhc ncbnalc. In the tat, supplcmcntil 
choline is conccmralcd in the rat dam’s miik (Garner ct al., 1995; 
Zci.scl, 1987), Tn women consuming a Iow-cholinc diet, milk choline 
content is lower lhan lhat in women consuming a ‘more adcquatc 
dicl (Z&cl CL al,, 1982). Consumption of ciLhcr a chqlincdcficicnl 
or cholinc-supplcmcnLcd diet by lactating t-al dams rcsulls in signif- 
icant changes in the phosphocholinc conccntraticm of lhcir milk 
(Holmes-McNary ct al., 199% 7xiscl CL al., 1986) .Thc conccnlration 
of total choline in human milk is 160 mg/L (1.5 mtnol/L) , For tic 
mean volume of output of human milk of 0.78 L/day and Lhc avcr- 
age choline contcnL of 160 mg/I,, Lhc AT for choline is 125 mg/day 
(1.2 mmol/day) for inf&nLs agcs,O through 6 months. For 0ic rcfcr- 
cncc infant wcighL of 7 kg, this corresponds LO an AT of 18 mg/kg of 
body wcighl/day (0.17 mmol/kg/day). 

Age 7‘tlh77n@ 12 Munth. Tf tic rcfcrcncc body weight ratio method 
dcscribcd in Chap&r 2 LO cxvapolalc from rhc AI for choline for 
infints ages 0 through 6 months is used, Lhc AT for choline for Lhc 
older infants would bc 150 mg/day ( 1.4 mmol/day), The second 
melhod (see Chapter 2), cxlrapolating from ~hc AT for adults, gives 
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an AI thaL is csdntially the same as that from cxtrapoladng from 
infants. Thcrc arc no dau cdmablg choline intalrc: from foods for 
d-ii5 age group. 

cho&ne AI Summary, Ages 0 thnwgh 12 Mor~th-s 

AI for Infants 
O-6 months 125 mg/&y of choline =l8 mg& 
T-19 montiG 150 mg/day of dl&nf! ;--l-7 xllg& 

Although commercially available infant formulas and bovine milk 
both conGt> choline and cholinc-contining compounds (Holmce 
McNary cc ai,, 1996; Rohlfs cl al., 1995; Zciscl CL al,, 1986), human 
milk has a significanlly higher phosphocholinc cxxxcntralion (718 
pmol/I.) than dots cithcr cow milk or infant formulas. Howcvcr, 
cow milk and cow-milkdcrivcd infant formulas have the same 
glyccrophosphocholinc concentration as human milk (400 LO 800 
pmol/I,) (Holmes-McNary CL al,, 1996) or higher (415 pmol/L) 
(Holmes-M&dry cl d., 1996). Soydcrivcd infant formulas have 
lower glyccrophosphocholinc concentration ( I I5 pmol/L or less) 
(Holmes-McNary cl al., 1996). Human milk, phosphatidylcholinc 
and sphingomyclin concentrations do not diffct significantly from 
those in cow milk ant$ cow-milkdcrivcd infanL formulas {290 pmol/ 
I,) (Holmes-McNary ct al., 1996). Sqy-dcrivcd infant formulas con- 
tain more phosphatidylcholinc than do cithcr human milk or.cote 
milkdcrivcd formulas but less sphingomyclin than human milk 
(Holmes-McNary CL al., 1996). Uncsxrificd choline concentration 
in mature human milk is 50 to 80 pcrccnt lowct than in cilhcr cow 
milk or the infant formulas (HolmceMcNary CL al., 1996). The rcla- 
tivc bioavailability of choline, phosphocholinc, and glyccrophospho- 
choline is similar in a rat model (Chcng CL al., 1996) hug no infor- 
mation is available for humans. Thus, ir is not known whcthcr lhcsc 

11 diffcrcnccs in milk and formula composition arc clinically rclcvant. 
I 

children und Addtments Agss 1 thm~ 18 Yeurs 

Method Used b Set the Al 
No direct data on choline wcrc found on which IO base an FAR or 

AT for children and adolcsccnts, In the abscncc of additional infor- 
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mation, ATs for thcsc age groups have been cxlrapolatcd from adulL 
values by uying the method dcxrihcd in Chaplcr 2. 

ChoEne AI Summq, Ages 1 thrOugh I8 Years 

Ax for CMldren 1-3 years 200 mg/day of &oUtle 
443’years 250 n&clay of choline 

AI for Boys 9-13 years 375 mg/day of chobe 
14-18 years 550 xng/day of cholitX 

AI for Girls s-13 years 375 Jqgday of choline 
14-18 years 400 mg/dfiy of choline 

Aduk~ Ages 19 Years and Okbr 

Method Used to Set the Al 
An intake lcvcl of 500 mg/day (4.8 mmol/day; approximatdy 7 

mg/kg/day [O.‘lmmol/kg/day]) of choline base is the dose that 
prcvcntcd alaninc aminolransfcrasc abnormalities in healthy men 
(Z&cl cl al., 1991). This cstimatc for an AI is uncertain bccawc it 
is based on a single puhlishcd sbdy; it may need revision when 
other data bccomc available. This cstimatc fita wiLhin the bracket- 
ing cslimatcs dcrivcd from paticnu on lolaI parcnccral nutrition for 
whom approximately 2 mg/kg/day of choline moiety did no1 prc- 
vent a dcficicncy syndrome (Shcard cl al., 1986) and 31 mg/kg/day 
of choline moiety rcslorcd normal choline swus (Buchman 41 al., 
1992, 1993). The amounl cstimatcd as adcquatc for men should bc 
sufficient to prcvcnl an incrcasc in alaninc aminolransfcrasc but it 
rcsultcd in a small dccrcasc in plasma choline in the one study in 
which it wds ctaluatcd, which suggcsu that diclary intake normally 
might hc slightly higher. Thus Lhc AI is set al approxi,malcly 7 mg/ 
kg/day or, for the rcfcrc’ncc man weighing 76 kg, at 550 mg afict 
rounding. 

To arrive al an cslimau: for AT for women, it is assumed that data 
from men can IX used cvcn though women may use choline more 
cfficicnlly (see “Gcndcr”). No cxpcrimcntal attcmpls to make 
healthy women choline dcficicnl have been rcpor&., Howcvcr, 
women on total parcntcral nutrition wcrc just as likely as wcrc men 
to dcvclop low plasma choline conccnLrations and fat.1~ liver 
(Buchman ct al., f995). 
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‘, 
No cxpczimcntal data arc availahlc from which to calculate an AI 

for lift stage groups orhcr than adults as a whole. 

Choline AI Summuty, Ages 19 Years and Older 

The AI for choline in 31 forms for men in all age groups is 550 
mg and for woznczl is 4’25 mg. TL is not kzlown whclhcr wonlcn have 
the same rcquircmcnt on a body wcighl basis as men, but Lhis AT is 
likely to bc adcquatc on- the basis of tic carlicr discussion on 
gcndcr. Although thcrc is some cvidczlcc Llrat Lransport across the 
blood-brain barrict is diminished in ~hc cldcrly, which suggests the 
possibilily of a higher rcquircmcnl than for younger adults (Cohen 
CL al., l995), no acijuslmcnt has been made in Chc AT for the cldcrly. 

AI for Men 

AI for Women 

19-30 years 550 m&day of choline 
31-50 years 550 zng/day of choline 
51-70 year8 550 m.g/day of choline 

> 70 years 550 mg/day of choline 

19-30 years 425 mg/day of choline 
31-50 years 425 mg/day of choline 
51-70 years 425 mg/day of choline 

>7oyeara 425 mg/day of cboune 

lkdence Considered in Setting the Al 
The need for choline is probably higher for pregnant thazl for 

nonprcpanl women on tic basis of animal data. Pregnancy rcn- 
dcrs fcmalc rats as vulncrahlc to dcficiczlcy as m&s (Z&cl CL al., 
1995). &zring pregnancy izl humans (Wclsch 1978; Wclsch CL al., 
198 l), ,guinca pigs (Swicry and Yudilcvich, 1985; Swiczy CL al.. 1986; 
Yudilcvich and Swcizy, 1985), and rats (Jorswicck, 1974) large 
aznoun IS of choline arc dclivcrcd LO the fclus through lhc placcnla. 
Transport of choline from molhcr LO fetus dcplctcs malcnlal stores 
of choline; the choline conccnlralion of malcrnal liver fell From a 
mean of 130 pmol/l, in adUlL nonprcgnanl rats lo 38 lXnol/I, in 
late pregnancy (Gwcc and Sim, 1978). 

Choline availability during cznbryggcncsis and pcrizlatai dcvciop 
mcnt may bc cspccially imporrant. Jn rats fed adcqualc diets during 
pregnancy, posulatally, and at weaning, I mmol/day of extra dicmz-y 
chohnc rcsul~ in long-lasring cnhan’cczncnt of spaLia1 memory 

. 
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(?ilcck and Williams, 1997a, b, c), al~crcd morphology of scpial 
neurons (Iloy cl al., 1991; Williams CL al., 1998), and- cnhan&d 
hippocampal long-Lcrrn polcnLiaGon (Pyapali ct al., 1998) and 
cholincrgic ncuroLransmission (Ccrmak ct al,, 1998; Holler ct al.; 
1996). The two pcriod$ of scnsitivily to cx~ra choline occur during 
embryonic days I2 LO 17 and. poslrlatal days 16 LO 30 (Loy CL al,, 
1991; Meek CI al., 1988, 1989). 

In mammals Lhc placcnla Lransporw choline LO lhc fclus (Wclsch, 
1976); choline concentration in amniotic fluid is IO-fold grcalcr 
than tllal in matcmal blood (S, Z&cl, UnivcrsiLy of Xorth Carolina 
School of Public Health, unpublished obscrvalions, 1997). At birth, 
humans and olhcr mammals have plasma choline concentrations 
that arc much higher Lhan those in adults (Zciscl et al., 198Oa). It is 
not known whcthct dc nova synlhcsis of choline incrcascs during 
pregnancy. 

The AI for pregnant women is greater tian that for lhc adult by 
~hc amount nccdcd for the fetus and placenta. Through chc USC of 
published values for Ihc choline conccn&Gon of various adult rat 
cissucs (Pomfict CL al., 1989) and wiLh the assumption of a body 
organ wcighl pcrccntagc as cstimatcd by W~ddowaon (1963) for tic 
human fc’ti, lhc fctil choline con~cnl can bc csGmalcd as approxi- 
mat&y 5 mmol/kg (520 mg/kg) fetal weight. Human placcnlal Gs- 
sue ha5 been csLimatcd LO avcragc 1.26 f 0.24 mmol/kg (mean f 
standard error) in a small sample (n = 7) (Wclsch, 1976); a value of 
approximately 2 mmol of choline per kg of placcnlal Gssuc should 
cover almost all prcgnanl women. If it is thus assumed thal Lhc 
avcragc choline contint of fcti and placcnti tissue comhincd is 
approximauzly 3 mmol/kg (3 12 mg/kg), lhat lhcrc is no cxu-a syn- 
thesis during pregnancy, and ihal lhcrc is no conltibution of cho- 
lint by placental or fetal synlhcsis, Ihc rcquircd diclary amount of 
choline for the 10 kg of Gssuc that comprises lhc fetus (3 kg) and 
organs of pregnancy (7 kg) is 30 mmol, or 3,000 mg (10 kg tissue x 
3 12 mg), which is approxima=ly 1 I mg/day ( 10 pmol/day) of addi- 
Conal diclaty choline throughout pregnancy. This amount would 
bc achicvcd by incr&sing the AT (aflcr rounding) lo 450 mg/day of 
choline for pregnancy. 

Cic0h.e AI Summq, Pregnancy 

The incrcasc in the AT to support prcgrlancy is based on ihc fetal 
and placcnlal accumulation of choline. 
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fU for Pregnaq 14-18 v 450 mjJ/day of dlolhe 
19-M year8 450 mg/cky of Choline 
31-50 yeam 450 mg/cliay of cl2oline 

Method Used to Set the AI 

The need for choline is likely LO bc incrcascd during lactation 
bccausc a substantial amount of choline is sccrcrcd in human milk, 
and mechanisms for conserving maternal choline status have not 
been idcntificd. Lactating raps arc more scnsitivc LO choline CM- 
cicncy than arc nonlactating rats (Zciscl cl al., 1995). 

The Al for women during lhc firs1 6 monthhs of lactation should 
lx incrcascd above that in lhc nonprcgnant, nonIactating woman 
to cover the choline tiat is transfcrrcd into milk. For lhc assump 
Con of an avcragc volume producLion of 0.78 L/day (see Chap 
Lcr 2) and an avcragc choline content of milk of 156 mg/L (1.5 
mmol/L), this incrcasc is 125 mg/day ( I.2 mmol/day). This in- 
crcasc is hascd on an assumption of 100 pcrccnt cfFicicncy. Tt is not 
known whcrhcr dc nova synlhcsis of choline incrcascs during lacta- 
tion. Women who arc brcaslfccding older infants who arc also cat- 
ing solid foods may need slightly less bccausc of a lower voliunc of 
milk production. 

Choline AI Summary, Lactation 

AI for Lactation 14-18 years 
19-30 years 
31-50 years 

550 mg/clay of choline 
550 mg/day of choline 
550 q/clay of choline 

XNTAKE OF CHOLINE 

Food sourczs 
Choline is widely dislribulcd in foods, with mosl of it in the form 

of phosphatidylcholinc in mcmbrancs. Footis that arc cspccially rich 
in choline compounds arc milk, liver, eggs, and peanuts. IL is possi- 
blc ID consume a diet of normal foods that dclivcrs 1 g/day of 
choline (Zciscl ct al., 19801~). I&thins added during food process- 
ing may incrcasc the avcragc daily per capita consumplion of pho+ 
phatidylcholinc by I .5 mg/kg of body weight for adults (this corrc- 
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sponds LO 0.225 mg/kg of body weight of choline moiety) (SCOGS/ 
ISRO, 1979). 

Choline irrtikc is not rcporlcd in the Third NaGonal Health a.nd 
Nutrition Examination Survey (Pctloff CL al., 1990)) \hc Conlinuing 
Survey of Food InLakc by Individuals (Pcrloff CL al., 1990), or the 
Boston Nu&itional Status Survey (Hartz CL al., 1992), and the choline 
con&m of foods is no1 included in major nu~ricnt databases. Thcrc 
arc no reports on choline intake from Canada. Estimated avcragc 
choline dietary in&kc in adulls consuming a typical U.S. or Canadian 
&cl (as free choline and the choline in phosphatidylcholinc a.nd 
orhcr choline cs~crs) is approximately 730 10 1,040 mg/day (7 LO 10 
mmol/da.y) (ISRO/FA!!EB, 198 1; Zciscl, 198 I ) . Calculations of 
dietary choline ink&c arc based on cslimalcs of lhc ficc choline 
and phosphatidylcholinc conlcnt of foods (Engcl, 1943; McTnlirc ct 
al., 1944; Wcihrauch arld Son, 1983; Zciscl CL al., 1986). Older assay 
proccdurcs for choline wcrc imprccisc and did not always include 
glyccrophosphocholinc or phosphocholmc conIcnL making many 
of ~bc availabic dara unrcliablc. On lhc? basis of a finding of dc- 
crcascd plasma choline and phosphalidylcholinc concentrations 
when humans wcrc switched from a dicl of normal foods LO a dc- 
fined diet contiining 500 mg/day of choline {Zciscl cl al., 1991), 
the avcragc diclary in&kc of choline probably cxcccd~ this lcvcl in 
adults. Infant formulas conlain approximately 240 mg/L (2.3 
mmol/I,) of choline in il.s various fonts. (Holmes-McXary ct al., 
1996). 

Intakejhm Sukplements 
Choline is available at3 a diclary supplcmcnl ‘as choline chloride or 

choline bilaruatc and as Iccilhin, which usually contains approxi- 
malcly 25 pcrccnt phosphatidylcholinc or 3 to 4 pcrccnl choline by. 
wcighl. In ~hc lrcauncnl of neurological discascs, large doses (5 u, 
30 g) of choline and phosphatidylcholinc have been adminiskrcd 
to humans (ISRO/FASEB, 198 1). Thcrc arc no rcliahlc cstimalcs 
of rhc ficqucncy of USC or amount of thcsc diclaty supplcmcnti 
consumed by individuals in the United SL~LCS and Canada. 



TOLERABLE UPPER INTAKE LEVEG 

Choline doses that are orders of magnitude greater than estirnat- 
ed intake from food have been associated with body odor, sweating, 
salivation, hypotension, and hepatotoxicity in humans (LSRO/ 
FASEB, 1975, 1981). There are no indications in the literature that 
excess choline intake produces any additional adverse effects in hu- 
mans. The animal data provide supportive evidence for a low de- 
gree of toxicity of choline. However, some animal studies have indi- 
cated growth suppression at high intakes (LSRO/FASEB, 19’75). 
Because of the.large doses and routes of administration used (e.g., 
intravenous and intraperitoneal injection), they were considered 
not relevant to human intakes from food and supplements (Davis, 
1944; Hodge, 1945; Sahu, 1989; Sahu et al., 1986). 

Body Odor, &eating, and Sa.liua$ion. High doses of choline have 
been associated with fishy body odor, vomiting, salivation, sweating, 
and gastrointestinal effects (L.SRO/FASEB, 1981). These symptoms 
were reported in patients with tardive dyskinesia and cerebellar 
ataxia treated with choline chloride at 150 and 220 mg/kg of body 
weight/day for 2 to 6 weeks (10 and 16 g/day, respectively) (Davis 
et al., 1975; Growdon et al., 1977b; Lawrence et al., 1980). Studies 
of the production of methylamines from ingested choline suggest 
that fishy odor would have been observed in healthy populations 
(Zeisel et al., 1983). Fishy body odor results from the excretion of 
excessive amounts of trimethylamine, a choline metabolite, as the 
result of bacterial action. Lecithin, a choline-containing phospho- 
lipid, does not present a risk of f&hy body odor because it generates 
little methylamine because the bacterial enzyme canrrot cleave the 
ester {Zeisel et al., 1983). 

Hypotension. Oral administration of 10 g/day of chalice chloride 
(which is equivalent to 7.5 g [72 mmoll of choline alone) had a 
slight hypotensive effect in humans (Boyd et al., 1977). Choline 
could be acting by increasing vagal tone to the heart or by dilating 
arterioles. Although added choline increases acetylcholine release 
from in vitro preparations of heart (Loffelholz, 1981), changes in 
cardiac rate have not been observed in healthy humans treated with 
choline. 
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Hepatntotin’ty. Mild hcpatoloxicity was rcportcd in paticnu rccciv- 
ing choline magnesium rrisalicyla& ( 1,500 mg twice daily fur 8 days) 
(Ccrsosimo and Mauhcws, 1987). Thcrc is also one rcpottcd cast 
of scvcrc hypcrscnsitivi~y hcpatilis wilh striking Lissuc and pcriphcz-al 
cosinophilia after ingestion of choline znagncsium tri.salicyIalc 
(Nadkami ct al., 1992). Howcvcr, il is Iikcly lhat hcpaloloxicily ~a.5 
induced by salicylalc ralhcr than by choline (Ccrsosimo and 
Mauhcws, 1987). Humans with and without cirrhosis have been 
LrcaLcd wilh large doses of choline chloride (6 g/day for 4 weeks) 
wirh no rcsullanl liver Loxicily (Chawla CL al., 1989). 

N’ons~cij?c Taxi+. Tinnilus and pruritus have hccn rcportcd in 
paticnb lrcalcd with doses of 3 g/day of choline znagncsium 
tisalicylatc for 6 weeks. Thcsc side cffccu wcrc uansicnl and prob 
ably caused by salicylatc (Mody cl al., 1985). The salicylatc cffccl 
likely accounts f%r many of thcsc obscrvaLions, and the others arc 
likely unusual anomalies, such as ~hc one cast of contact dcrmalitis 
rcporlcd after dczmal cxposurc LO choline chloride (Fischct, 1984). 

Tndividuals with uimclhylaminuria (fish odor syndrome), renal 
discasc, liver discasc, dcprcssion, and Parkinson’s disca5c may have 
incrcascd susccpGbility LO Lhc advcrsc cffcccs of choline. Trimclhyl- 
aminuria rcsulti from a rare gcnclic dcficicncy that causes cxccssivc 
cxcrction of vimclhylaminc arid, lhcrcforc, m incrcascd risk of 
dcvcloping fishy body odor (AI-Waix cl al., 1988, 1989; Humbcrt CL 
al., 1970; Shcllcy and Shcllcy, 1984). individuals wilh rcnal’or liver 
discasc may have incrcascd susccpGbility bccausc of incrcascd lcvcls 
of plasma choline (aficr ingcslion of supplcmcntal choline) com- 
pared with hcalrhy individuals (Acara and Rcnnick, 1975; Acara ct 
al., 1983; Chawla CL al., 1989; Rcnnick CL al., 1976). Tn rdrc casts, 
cozlsumption of large amounts of choline has been associawd with 
dcprcssion (Davis ct al.,, 19’79; Tamminga ct al., 1976). Fizially, mild 
and Iraz1sicnL Parkinsonian signs (bradykincsia, Vcmor’, and zigidiry) 
wcrc ohscmcd aL high doses (lY.7 g/day) of cholizlc as a chloride in 
pcoplc with lardivc dyskincsia (Gclcnbcrg cc al., 1979), which sug- 
gcs~ that supplcmcnti choline inrakc by Parkinsonian patients may 
cxaccrbatc !3ymplomS. 

On lhc basis of considcrdlions of causality, rclcvancc, and lhc 
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qualily and complctcncss of the dalabasc, hypotcnsion was sclcctcd 
as the crilical cfEcr in deriving a Tolcrablc Upper ~Iniakc Lcvcl 
(VI,); fishy body odor was sclcclcd M the secondary considcradon.. 

Dostd+onse Asmsment 

Adults 

Ma &&XI%PZ. The data used to dcrivc the UL for choline include 
a single cast rcporc. of hypolcnsion and scvcral oLhcr studies invoh- 
ing cholincrgic cffccl~ and fishy body odor after oral adminisvation 
of large choline doses. 

hkntificutim of a nctobmdadvm#~ti bvel (NOAE%) and a hwt- 
o~-adz~m.se-&flect level (T+OAETJ. Thcrc arc no adcqualc data dcm- 
onslrating a NOAEL for cxccss choline inlakc. A LOAIX of approx- 
imatcly 7.5 g/day of choline can bc idcntificd from evaluation of a 
pilot study Ihal rcpottcd hypotcnsion in scvcn patients trcalcd wilh 
choline for AIzhcimcr scniic dcmcntia (%yd cl al., 1977) and 
reports of fishy body odor in individuals vcatcd with choline for 
tatdive dyskincsia and Huntington’s discasc (Gclcnbcrg ct al., 1979; 
Growdon ct al., 1977a, b; Iawrcncc ct al., 1980). Boyd CL al. (1977) 
u-catcd scvcn older adult palicnts with 4 g/day of oral choline as 
choline chloride for 2 weeks followed by 2 wccb of choline al 7.5 
g/day. At 4 g/day of choline, daily blood prcssutc recordings 
rcvcalcd no hypotcnsion. In addition, thcrc wcrc no rcporls of 
nausea or diarrhea or other cvidcncc of cholincrgic cffccts at this 
dose lcvcl. At 7.5 g/day of choline, nausea, diarrhea, and a small 
dccrcasc in blood prcssurc wcrc rcportcd in some palicnu, Other 
supportive data on cholincrgic cffccts and fishy body odor after 
cxccss choline intake arc summa&cd in Table 12-i. 

&zrt~~&ty Assewmmt. An uncertainty factor (IF) of 2 was sclcculd 
bccausc of lhc limilcd data regarding hypolcnsion and Lhc inlcr- 
individual variation in rcsponsc LO choiincrgic cffccu. 

i’lGtivdion of a ZJL A LOAEI, of 7.5 g/day wds divided by an UF of 
2 lo obtain a UI, of 3.75 for adults, which was rounded down UI 3.5 
ghy. 

Choline UL Summary, Ad&s 

Bccausc of Lhc scarcity of data for any adult age group and 
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TABLE 12-1 Studies R-cporling on Cholincrgic P.ffccIs and 
Fishy Body Odor after Excess Choline Intake 

Study 
NV. vf Dur&on 
Subjccu lhsl: W) Advcrsc ElTccls 

Growdon 
et al., 1977e 

Growdon 
ct ai., 1977b 

Gclcnbcrg 
ct ill., 1979c 

20 9tid 
(wb I); 
12 g/d 
(wk Y)“J~ 

10 K-20 g/d4 

5 S-19 g/dd 

0.r g/d 
(3 wh); 
Qtid 
(3 wk) sd 

2 Mild cholincrgic toxicity: 
iacrimadon, blurred vision, 
anorrxix, and diarrhea. 

2-17 Fishy bdy odor in all 
eubjcas; ai 250-300 mg/ 
kg/d, produced 
lacrimation, anorexia, 
vomiting, and diarrhea. 

6-s 100% with firhy body odor 
after scvcral days; 
gastrointest.inal irritation./ 

6 AI 150 mg/kg/d: 5 of 14 
with 13shy body odor; 12 or 
16 with nausea and 
diarrhea. 

0 Smdy invohnd a doubk-blind, cm-r p-l. 
b Choline wan @en as a chloride or bibrrlrate. 
C hmcc wcrc calculotcd fr<>rn data in IJW report using a rcfcrcncc body weight of 

61 kg. i&qxding on Lhc body wcighu ol the individuals in lawrcncc CL al. (1980) and 
Growdon CL al. (1977a), the IowcatcLTcct dose may bc less than 7.5 g/d. 

d Choline was giwn as a chloride. 
Wonblinded study: did not include a control group. 
.fMiid, Lrim.uirnt Parkirwxrim signs (bradykinrska, lremor, and rigidiLy) were &I 

rcportcd. 
I Dnuhlc-hlind prolocol; included cnn~rol group. 

bccausc no specific physiological function might bc cxpcctcd LO 
affect sensitivity 10 cxccss amounts of choline in older persons, no 
adjustmcnLs arc proposed for the cldcrly. 

UL for Adults 19 years and older 3.5 g/day of cholfne 

Other Lij Stup Groups 
For infants, the UI, was judged not dctcrminablc bccausc of lack 

of data concerning advcrsc cffccvj in this age group and conccm 



about the infant’s ability CO handle cxccss amounts. The only source 
of inlakc for infarlls should bc from food or formula to prcvcnt 
high lcvcls of intake. Thcrc arc no data LO suggest Lhar during prcg- 
nancy or lactation incteascd susccplibilily LO dcvcloping cholincrgic 
cffccts or fishy body odor from cxccss choline in&kc would occur. 
Thcrcforc, lhc UT, of 3.5 g/day is also SCI for prcgnanl and laclating 
women, The UI, of 3.5 g/day for adults was adjusrcd for children 
and adoicsccnLs on Ihc basis of rclativc body weight as dcscribcd in 
Chapter 3, with Lhc USC of rcfcrcncc weights from Chaplcr 1, Table 
l-2. Values have been rounded down. 

Choline VL Summq, Other Li$e Stage Croups 

UL For Infanta 
O-14 months Not po&ble to establish; source of 

intake should be formula and food only 

UL for Children l-3 years 1 g/day of choline 
4--e=- 1 g/day of choline 
9-13 years 2 g/clay of choline 

UL for Adolescents 14-18 years 3 g/clay of choline 

UL for Pregnancy 14-M year?S 3 g/day of choline 
19 years and older 3.5 g/clay of choline 

UL for Lactation 14-18 years 3 g/day of cho%e 
19 yeara and older 3.5 g/day of choline 

Special Consdderations 
Tndividuals with the following conditions may bc al risk of advcrsc 

cffccu with choline intakes aL the VI,: uimclhylaminuria, renal dis- 
cast, liver discaw, dcprcssion, and Parkinson’s discasc. 

Intahe Assessment 

National suntcys do not provide data on rhc dietary inlakc of cho- 
lint. The L”l, applies to lhc weight of the choline moiety in lhc 
compound; for cxamplc, choline chloride contains more choline 
by weight than dots choline bitarvatc. Dicmry supplcmcnts con- 
taining choline arc available; howcvcr, rcliablc cstimatcs of lhc 
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amount of thcsc supplcmcnts consumed in the United States and 
Canada arc unavdilablc. 

Bccausc Lhcrc is no informaCon from national surveys on choline 
intakes or on supplcmcnt usage, Lhc risk of advcrsc cffccls within 
Lhc United SULCS or Canada can not bc characlcrixcd. 

RESEARCH RECOM~MENDATIONS FOR CHOLINE 

Sufficient human &la arc not available for dctcrmining whcLhcr 
choline is csscntial in the human dicr, how much is rcquircd if it is 
csscntial, and lhc public hcahh impact of poor choline nutriturc. 
For this reason, rcscarch that could provide such human data is 
assigned lhc highest priority: 

l Examination of the cffccu of Lhc USC of graded lcvcls of diccary 
intake of choline on paramcrcrs of hcahh. This would include assc~- 
ing plasma and tissue choline compounds and mclaboliccs; plasma 
cholcslcrol and homocys\cinc concentrations; crythrocyLc folatc; 
and liver, renal, brain, and other organ function. To facilitate this 
process, food compoailion dala arc nccdcd for choline, phospho- 
choline, glyccrophosphocholinc, sphingomyclin, phosphatidylcholinc, 
and bctiinc and Lhc analytic scnsiliviLy and spccifici’ty of mc&ods 
for analysis of food composition need to be validated. 

. Human studies on intcrrclationships among rcquircmcnu for 
choline, mclhioninc, folarc, vitamin %, and vitamin B,, t.o compare 
the homocystcinc-iowcring cfI%cls of combinations of lhcsc nutricnu. 

Two additional topics also merit atrcnlion: 

l The rclativc cffcctivcncss of diffcrcnl cholinc<ontaining com- 
pounds in the diet in promoting hcahh and dcuxmination of the 
sparing cffcct of cndogcnous synthesis of choline. 1~ will bc impor- 
tant 10 conduct s~udics on tic bioavailability of choline and choline 
compounds and on the rat.c of dc novo syn~hcsis of choline in viva. 

l Qudics using increasing lcvcls of dietary in&kc dcsigncd 10 as- 
scss toxicity for all organ syslcms, including heart., liver, brain and 



manufacturing practice. Food manufactures; not FDA, have the responsibility to ensure 

the.addition of choline from these or other sources are safe and are in compliance with all 

food safety provisions of the Food, Drug and Cosmetic Act. No monitoring of choline 

addition to foods is required of FDA. The responsibility to ensure safety of choline 

addition to foods clearly lies with the manufacturer. 

As reported by the Food and Nutrition Board (FNB) in Dietary Reference Intakes for 

Thiamin, Riboflavin, Niacin, Vitamin Bg, Folate, Vitamin B12, Pantothenic Acid, Biotin, 

and Choline, the Tolerable Upper Intake Level (UL) of choline for adults is 3,500 mg/day 

while the UL of choline for children 4 to 8 years of age is 1,000 mg/day. Children 4 to 8 

years of age have a narrow range between the UL of 1,000 mg/day and the adult 

Adequate Intake of 550 mg/day that serves as the basis for the nutrient content claims in 

our notification. Thus, particular attention is paid to this age group during our assessment 

of the impact of choline fortification to certain foods. 

To estimate the impact of fortification, various food/food groups were identified as 

logical carriers for choline. These food/food groups were yogurt, milk-based fluids, egg 

substitutes, meat substitutes, whole wheat breads, multigrain breads, muffins, bars, and 

salad dressings (regular and low-calorie). The selection of these foods/food groups is 

consistent with the principles in the Fortification Policy mentioned above. However, we 

can not assure that the foods listed above will be the only foods fortified with choline. To 

model the impact of fortification, the food nutrient database was modified such that the 

above-mentioned foods contained either 55 mg choline per serving or 110 mg choline per 
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serving. The intake profile (amount and frequency) by individuals in USDA’s 

Continuing Survey of Food Intakes by Individuals (CSFII), 1994-1996 and 1998 was 

then used to calculate the additional choline intake from fortification of the above- 

mentioned foods with either 55 mg or 110 mg choline per serving. Based on work in our 

applications laboratory, choline fortification above 110 mg per RACC produces 

perceptible changes in flavor and texture characteristics that may be perceived by some 

manufacturers and consumers as undesirable. Thus, we feel that the 110 mg of choline 

per RACC is a realistic representation of an upper level of fortification for the foods we 

project to be logical carriers for choline. 

Choline intake was estimated to be 730 to 1040 mg/day in adults consuming a typical 

U.S. diet according to the FNB report. No data were provided for choline intake of 

children in the FNB report, Since CSFII and other databases do not contain choline 

content of foods, we needed to make a series of assumptions to generate an estimate of 

choline intake in children. We estimated choline intake in children by developing a ratio 

of choline intake between adults and children ages 4 to 8 years for eleven foods - apples, 

bananas, potatoes, lettuce, tomato, citrus fruits, whole milk, eggs, total meat, nuts and 

table fats. These foods were selected as data were available on choline content from 

Zeisel and Blusztajn (1994) and reasonable intakes could be obtained from CSFII for 

both children and adults. We assumed all meats had 0.6875 mg/g choline (even though 

the only meat reported by Zeisel and Blusztajn was beef steak). We also assumed all 

table spreads were butter (0.2352 mg/g choline) and we used the peanut value (0.9967 

mg/g) to estimate choline from all nuts. Finally, we also assumed that the choline content 
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of iceberg lettuce would apply to all lettuce and lettuce based salads and that the choline 

content of oranges would apply for all citrus fruit. The adult intake (males and females 

20 years and older) data came from USDA’s CSFII 1994-l 996, while the children (ages 9 

and below) intake data came form USDA’s CSFII 1994-96, 1998. 

We first had to combine information from males and females into one adult value. This 

was done by multiplying the intake amounts for males and females by their respective 

percentage of the adult population and adding the products to create a value for all adults 

greater than 20 years of age.2 We completed this for each of the eleven indicator foods 

and totaled the choline intake from these foods for both adults (Table la in Appendix C) 

and children (Table 1 b in Appendix C). We then calculated a ratio of choline intake from 

these indicator foods among adults and children (0.571). Thus, it appears children 

consume about 57% of the choline from these foods as adults. Applying the same logic 

across all foods, then current choline intake in children ranges from 417 mg/day to 594 

mg/day3 (Table lc in Appendix C). We also calculated the ratio of choline intake for 

children 5 years of age and younger and for children 6-9 years of age (data not provided). 

The ratios were 0.549 and 0.609, respectively. These ratios would result in estimated 

choline intake in children 5 years of age and younger of 4 10 mg/day to 572 mg/day and 

in children 6 to 9 years of age of 445 mg/day to 634 mg/day. We acknowledge that using 

data only from children 9 years of age and younger might underestimate intake of 

’ For example to calculate choline intake from total Feats for all adults 20 years and older we multiplied 
the value for males of 269 g/day by 0.479 and added the result to the value for females of 166 g/day 
multiplied by 0.521. 

’ Calculated as 730 mg/day * 0.571= 416.6 mg/day and 1040 mg/day * 0.571 = 593.5 mg/day. 
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children 4 to 8 years of age slightly as children younger than 4 years of age, which 

consume less food, are included. However, as can be seen from the data from 6 to 9 year 

old children, which may slightly over estimate intake as 4 and 5 year old children are not 

included, the estimated choline intake is only higher by 28 mg/day to 40 mg/day. Given 

the available data, we feel our estimate of current choline intake of children 4 to 8 years 

of age of 4 17 mglday to 594 mglday is reasonable. 

We acknowledge that even if we include all the foods for which we had reasonable 

estimates of food intake from CSFII and choline content data (apples, bananas, potatoes, 

lettuce, tomato, citrus fruits, whole milk along with egg, meat, nuts and table fats), we 

only account for 27% to 39% of the choline intake of adults reported by FNB. One 

reason we can only account for less than 40% of the choline in the adult diet is due to the 

fact that data from Zeisel and Blusztajn (1994) do not contain information on 

phosphocholine or glycerophosphocholine content of the foods. Another reason may be 

that other foods for which we have no analytical data or reliable intake data provide’the 

remaining choline in the adult diet. 

The impact on additional choline intake due to fortification of the certain foods at two 

different levels, 55 mg or 110 mglserving are presented in Tables 2 through 5 of 

Appendix C. While we provide the data for fortification of these foods at 55 mg/serving 

we will only be discussing Tables 4 and 5, which contain estimates of additional choline 

intake from fortification of certain foods at 110 mg/serving. The average increase in 

choline intake for all the foods selected for addition of choline was 84.6 mg choline per 
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day for adults 19 years of age and older. The 95th percentile estimate of additional 

choline intake in adults was 325.2 mg/day. Table 5 shows estimates of additional choline 

intake for users of these products (eliminates non-users that are in the per capita 

estimates). The average increase in adult users, from fortification of these foods with 110 

mg choline per serving was 133.9 mg/day. The 95th percentile intake estimate for these 

adults was 379.8 mg choline per day. While we do not have a variation estimate of 

choline intake in adults, it is obvious that the addition of 325 mg/day to current adult 

intake estimates (or to even three times the current intakes) will not exceed the adult UL 

for choline of 3,500 mg/day. 

For reasons mentioned above, we were particularly interested in the impact of choline 

fortification at 110 mg/serving on children 4 to 8 years of age. Table 4 in Appendix C 

presents the per capita intake estimates of additional choline intake for foods modified to 

contain 110 mg/serving. The average increase in intake for all the foods selected was 

42.3 mg choline per day for children ages 4 to 8 years. The 95th percentile estimate of 

additional choline intake in these children was 189.7 mg/day. The average increase in 

users, ages 4 to 8 years, from fortification of these foods with 110 mg choline per serving 

was 83.3 mg/day. The 95” percentile intake estimate for these children was 261.3 mg 

choline per day. 

Unfortunately, we cannot provide a variation estimate associated with the estimate of 

current choline intake in children 4 to 8 years of age (developed from data on children 9 

years of age and younger). We thus used a similar approach as the FNB when variation 
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estimates are unavailable, namely, we assumed that 95% (% 2 standard deviations) of 

requirements are covered by the estimated average plus 2 times the coefficient of 

variation (CV) multiplied by the estimated average. We assumed a CV of 10 percent that 

is ordinarily assumed by FNB when variation data on average requirements are 

unavailable. This does assume the data are normally distributed. Using this approach we 

estimated the current choline intake in most children 4 to 8 years would not exceed 713 

mg/day.4 Adding the additional intake from 95th percentile per capita consumption of 

foods proposed for choline fortification from Table 4 in Appendix C (189.7 mg/day) to 

these values provides an estimated intake of choline that would not exceed of 903 mg/day 

for most children 4 to 8 years of age. 

We believe this intake estimate is a truly worse case scenario as these calculations 

assume that all the foods proposed for added choline have 110 mg choline per serving. 

First, it is unlikely that all foods in any food category would be fortified with choline. 

Second, it is not likely that all manufacturers of these foods would fortify with 110 

mg/serving if they did decide to add choline to their products. Additionally, we assumed 

users consumed all the categories of foods in a day. Not all users of whole wheat bread 

will also consume multigrain bread in the same day. Also, users of regular salad dressing 

most likely will not be using a low-calorie dressing in the same day and vice versa. For 

comparison purposes, if all these foods had choline added at 55 mg per serving the 

estimated highest choline intake for most children 4 to 8 years of age would be 808 

mg/day. If we assume only 50% of the foods proposed for added choline were fortified 

4 Highest intake = 594 + (2 * 0.10 * 594) = 712.8 mg/d. 
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with 110 mg or 55 mg choline per serving, the highest intake of choline in most children 

4 to 8 years of age would be 808 mg/day and 760 mg/day, respectively. 

We also estimated the contribution to choline intake associated with the use of food 

additives and dietary supplements. By far, the largest contribution of food additives and 

dietary supplements comes from the use of lecithin as a processing aid. Central Soya has 

been providing customers various forms of lecithin for over 40 years. Thus, we have 

considerable knowledge and carefully track the amount of lecithin being sold. We 

estimate that over 130,000,000 pounds of lecithin is sold annually for use in foods, 

dietary supplements and industrial applications. In keeping with our intent to provide 

conservative estimates, we will assume all 130,000,000 pounds of lecithin sold annually 

is used exclusively in foods and dietary supplements. Thus, in this worse case scenario 

we estimate that only 11.7 mg of choline per capita comes from use of lecithin in foods 

and supplements today.5 

We also conducted an informal survey of the use of choline containing ingredients in 

dietary supplements marketed for children. In one large Midwest grocery store we 

identified 14 separate dietary supplement products marketed for children. Seven different 

manufacturers produced these products. Only one product contained an ingredient that 

provided any choline. This one product contained choline bitartrate. The amount of 

choline provided in a single supplement dose of this product was only 20 pg. 

5 130,000,000 (lbs lecithin) / 280,000,OOO (US population as of April 1,200O)) X 454 (g/lb) X 0.15 (% 
phosphatidyl choline in lecithin on average) X 0.135 (% choline content of phosphatidyl choline) / 365 
days/year) = 11.7 mglday per capita. 
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Additionally, in one store of a national nutrition franchise we identified 19 separate 

dietary supplement products marketed for children. Five different manufacturers 

produced these products. Five of the nineteen products contained an ingredient that 

provided choline. Two products contained lecithin and four products contained choline 

bitartrate. In two cases the choline level was 1 mg per dose. The highest level of choline 

for any of these products was 12 mg per dose. We conclude that choline contributed by 

food additives and dietary supplements is very small and has little impact on the 

estimates of choline intake in 4 to 8 year old children. 

In this notification, we have made various assumptions to obtain an estimate of choline 

intake for children 4 to 8 years of age. Moreover, many of the assumptions made herein 

were very conservative (e.g., assuming that all proposed foods for choline fortification 

would contain 110 mg choline per serving). Thus, we are confident that the addition of 

choline to certain foods at 110 mg/serving will not exceed the UL of choline for children 

4 to 8 years of age and that responsible addition of choline to foods is safe and should 

present no harm to Americans. 
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VII: Conclusion 

We have provided an authoritative statement from NAS regarding the establishment of an 

Adequate Intake level of choline in the diet. This statement identifies 550 mg of choline 

per day as the AI for men, and this level is recommended to be used as a Daily 

Consumption Value for labeling and nutrient content claim purposes. We also supplied 
s 

additional statements from NAS supporting the above conclusion. Thus, “good source,” 

“more,” and “high” nutrient content claims, as stated in Section I of this notification, are 

authorized for products with a choline content of 55 mg/RACC, 55 mg/RACC more than 

an appropriate reference food, and 110 mg/RACC, respectively. 

Respectfully, 

Central Soya Company, Inc. 

Gregory L. Paul, Ph.D. Terrence E. Quinlan 
Director of Nutrition Science Corporate Counsel 
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Appendix A. 
Authoritative Statement from the NAS in support of nutrient 
content claims for choline 

Choline Chapter (pages 390-422) from Dietary Reference 
Intakes for Thiamin, Riboflavin, Niacin, Vitamin B6, Folate, . . Vltamm B 1 2, Pantothenic Acid, Biotin, and Choline 



SUMMARY 

Choline functions as a precursor ror acetykholine, phospholipids, 
and the methyl donor lsctainc. The. primary a-&x-ion used to es& 
mate the Adcquatc Ink&c (AI) for choline is the prcvcntion of 
ha- damage as d by mcarurkg strum alaninc tinotran+ 
ferwe levels. The AI for adults is 550 mg/day of choline for men 
and 425 wday for w-omen. There are no nationally representative 
eslimates of’ tin inral;e of choline fi-om food or food supplements. 
Choline in the diet iR available as free choline,or is bound as esters 
such as phosphocholine, glycerophosphochotine, sphingomyelin, 
or phosphaddylcholine. The critical adverse effect from high 
intake of choline is hypotension, with corroborative ev4de.c.e on 
cbolinergic side efIects (e.g., sweating and diarrhea) and lishy 
body odor. The Tolerable Upper Intake Level (UL) for adula ia 
Sb gJdiiy. 

BACXCROUND INFORMATlON 

Choke is a dietaxy component that is important for the structural 
iutegrity of cell membranes, methyl metabolism, cholinergic IRUI-e 
trzmsmissioz~, trarrsmembraxle signaling, and lipid arrd cholestezvl 
transport arId metabolism. 1iuma1l cells grow iu culture have 1u1 
absolute requiremeut for choliue (Eagle, 1955). When cells are 
deprived of cholirle, they die ;by apoptcwis [Albright et al., 1996; Cui 
et al., 1996; Ilolmes-McNary et al., 1997; J-es et al., 1997; Shin et 



al., 1997; 7&iscl CL al., 1997). There is an cndogcnous,pathway for 
Ihc dc novo biosynlhcsis of the choline moicly via the scqucnlial 
mctiylalion of phosphatidylc~hanolamit~c ukg Sadcnosylmcihioninc 
as the mcihyl donor (Brcmcr and Grccnbcrg, 1961) (see Figure 
I!?-1). Thus, the demand for dietary choline is modified by mclabolic 
mctf~ylcxchangc rcla tionships hxwccn choiinc and Lhrcc nutricn IS: 
mcthioninc, folaw, and vilarnin B,, (lipovopcs) (7~iscl and BlusAmjn, 
1994). 

With this ~ypc of nuticnt intcrdcpcndcncc, dcsignalion of the 
csscntial nature of a nu~ricn~ dcpcnds on showing tilal dc novo 
synthesis raics arc not adcqualc LO meet the demand for Lhc nulri- 
cnl when ihc olhcr nuu-icnls arc available in amounts sufficicni to 
sustain normal growth and funclion. Healthy men with normal 
folatc and vitamin B,, sl;ltus fed a cholincdcficicnL dicl have dimin- 
ishcd plasma choline and phosphaiidylcholinc conccnu-ations and 
dcvclop liver damage (7Liscl cl al., 1991). For thcsc individuals, dc 
novo synthesis of choline was not adcquauz LO mcc~ lhc demand for 

L 
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methyl-THF - .._ 
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FIGURE 19-l Choline, folak, and melhionine meMbo>olism are closely inkrrelated. 
AdoHcy = S-adenosylhomocyateine, AdoMel = S-adenosylmethionine, B,, = vikunin 
l’i,,, OP4Iholinc = +dinc diphosphochalinc, PldEtn = phosphaddylcthanolaminc, 
TTTF = tctrahydrofolatc, Rcprintcd wirh permission, rrrom Zciscl and Rlwmjn 
(19Ql). Copyright 1991 by Annual Rcvicws. 
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! the nutricn1. Tnformation about women, i&n&, children, and older 
adults is no1 sufEcicnr CO know whclhcr choline is nccdcd in the 
dice of thcsc groups, 

Function 
Choline can bc acctylatcd, phosphorylatcd, oxidized, or hydto- 

ly/.cd. Scvcral comprchcnsivc rcvicws of Lhc metabolism and func- 
tions of choline have been published (Kuksis and Mookcrjca, 1978; 
Z&cl, 198 1; 7xiscl and Blwzl;djn, 1994). 

Choline accclcratcs lhc synlhcsis and rclcasc of acctylcholinc, an 
impotinl ncurolransmitlcr involved in memory storagcI muscle 
conlrol, and many other fun’ctions (Cohen and Wurunan, 1975; 
Haubrich CL al., 1974; Wcckcr, 1986), 1~ is also a precursor for tic 
synlhcsis of (1) phospholipids, including phosphaLidylcholinc (a 
membrane constilucnl imporlanl for chc suucturc and function of 
mcmbrancs), for inl,raccllular ,signaling (Exlon, 1994; Zciscl, 1993) 
and hcpalic export of very low-da&y lipoprouzins (Yao and Vance, 
1988, 1989); (2) sphingomyclin (qnothcr mcmbfanc conslilucnl) 
for struclural and signaling functions (Hannun, 1994); and 
(3) plalclcl ac&aling factor, a polcnl mcsscngcr molcculc (Frcnkcl 
CL al., 1996). Choline is a precursor for the formation of Ihc mcLhy1 
donor bclainc. Bclainc is also rcquiicd by renal glomcrular cells, 
which WC bctainc and glyccrophosph,pcholinc as organic osmolytcs 
to adapt LO ‘osmotic sucss (Baucrnschmill and Kinna, 199%; Burg, 
1995; GarciA’crcx andI Burg, 199 1; GSossman and HQbcrt, 1989). 

Physioiqp of Absqbtion, Metabolism, and lkxtti 
Dietary choline is absorbed from the lumen of the small intcstinc 

via uansportir proteins in tic cntcrocytc (Hcrzbcrg’ and Lcmcr, 
1973; HcrAzxzrg CL al., 1971; Kuczlcr CL al., 1977; Shcard and Zciscl, 
1986). Bcforc choline can hc absorbed from Lhc gut, some is mctah- 
oliacd by bacteria IO form bctiinc (which may bc absor;bcd and used as 
a methyl donor) and mclhylamincs (which arc non methyl donors) 
(7~iscl CL al., 1983). No other component of Lhc diet has been idcnt.i- 
ficd as competing wilh choline for uansporl by inlcstinal,canicrs. Cho- 
lir!c is found in foods as free choline ajld as csscrificd forms such as 
phosphocholinc, glyccrophosphocholijlc, tiphingomyclin, and phos- 
phatidyicholinc. L&thin is a phospha~dylcholinori~h fraclion prc- 
pared during commercial purificatioq of phosphol:ipids, and this 
term is oficn used intcrchangcably with phosphatidylcholinc. 
Lccilhin is oflcn added to foods as an ‘emulsifying agcs~l. 
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Pancreatic cnxymcs can libcratc choline From dictiry phosphati- 
dylcholinc, phosphucholinc, and glyccrophosphocholirlc (Zciscl 
and Blwxmjn, 1994). The free choline lhal is fonncd cnlcrs lhc 
porlal citculalion of lhc liver (IX Kim and Bctiing, .1976) whcrcas 
phosphatidylcholinc may cnlcr via lymph in chylomicrons. 

All &sues accumulaic choline by diffiuion and mcdiawd WM- 
port (Zciscl, 198 1). A specific carrier mechanism u-ansports free 
choline across tic blood-btin ban-icr al a ralc thal is proporlional 
LO the strum choline conccnu-alion. In lhc nconaLc this choline 
transporter has an cspccially high capacily (Cornford and Cornford, 
1986). The ra~c at which the liver takes up choline is sufficicnl LO 
explain the rapid disappcarancc of choline injccwd systemically 
(Zciscl cl al., 198Oc). The kidney also accumulates choline (Acara 
and Rcnnick, 1973). Some of (his choline appears in the urine un- 
changed but mosl ‘is oxidixcd within chc kidney LO form bctiinc 
(Rcnnick ct al., 1977). 

In ~hc predominant pathway for phosphaLidylcholinc biosynlhcsis, 
choline is phosphorylaicd, convcrtcd LO cytidinc diphosphocholinc, 
and lhcn convcricd LO phosphaLidylcholinc (Kcnncdy and Weiss, 
1956; Vance, 1990) (Figure 
phosphalidylclhanolaminc 

12-I ). In an alicnialivc pathway, 
is scqucnlially mclhylaed 10 form 

phosphalidylcholinc by the cnzymc phosphaiidylclhanolaminc-N 
mclhyltmnsfcrasc with SadcnosylmcIhioninc as lhc methyl donor 
(Brcmcr and Grccnbcrg, 1961; Vance and Ridgway, 1988). This is 
~hc major (perhaps only) pathway for dc novo synLhcsis of the 
choline moiciy in aduli mammals. 11 is most active in lhc liver but 
has been idcntificd in many other tissues (Blusztijn cl al., 1979; 
Crews CI al., 1981; Yang CI al., 1988). Best cstimauzs of in vivo activity 
of lhis cnaymc, based on in vi’tro dam, arc that 15 LO 40 pcrccnL of 
the phosphalidylcholinc prcscnt in the liver is dcrivcd from ihc 
phosphatidylcthanolaminc-Mmc~hyltransfcrasc palhway, wiLh the 
rcmaindcr coming from the cytidinc diphosphocholinc pathway 
(Bjornstad and Brcmdr, 1966; Sundlcr and Akcsson, 1975). No csli- 
matis arc availablc as LO lhc rclativc cxlcnl of choline oblaincd 
from ccl1 Lurnovcr. Diclary intake of phosphatidylcholinc is approx- 
imalcly 6 to 10 g/day (Zciscl CL al., 1991). 

A significant porlion of choiinc is oxidized LO form bclainc in lhc 
liver and kidney (Bianchi and A~onc, 1964; Wcinhold and Sandcn, 
1973). The methyl groups of bcuinc can bc scavcngcd and rcuscd 
in singlccarbon metabolism (Finkclstdn cl al., 1982) (see “Nuuicn~- 
NuLricn~ Tnicrac~ions”). 



Clinical Eflicts of Inadequate Intake 

Although choline is clearly essential to life, there is only one pub 
lished study examining the effects of inadequate dietary intake in 
healthy men, That study reported decreased choline stores and liver 
damage (elevated alanine aminorransferase) when men were fed a. 
choline-deficient diet containing adequate mettionine, folate, and 
&amin B,, for 3 weeks (Zeisel et al., 1991) (Figures 12-2 and 12-3). 

j Another study, in which men were fed a choline- and methyl- 
deficient diet, reported decreased choline stores but did not report 
on liver function (Jacob et al., 1(X5). Individuals fed with total 
parenteral nutrition (TPK) solutions devoid of choline but ade- 
qua.* for methionine and f$ate develop fatty liver and liver damage 
as assessed by elevated alariine aminotransferase; in some individu- 
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FIGURE 12-5 PI~SCIM cholim in healthy IXWI ingedt~g n COI~LKA (330 q/day uf 

choline) or chnlinc-dckicnt (1.7 mg/day of choline) dicr. *DilTcrcncc. from day 7 
‘value: p < 0.01. Rcprintcd with pcrmisaion, from Zciscl ct al. (1991). Copyright 
1991 by the Fcdcrarion of American Socicticr Tar Expcrimcntal Aiology. 
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FIGURE 123 Serum alanine aminou-ansfease (ALT) activity in men ingesting a 
control or cholincdcficicnt diet Strum A1.T w dctcrmincd by wing an automat- 
cd spcctrophotomctric assay. Data arc cxprcsscd as mean activity f standard crrar 
or the mean. *Dih-cncc born day 7 v;Juc: p c 0,05. Rcprintcd with permission, 
from Zeiael et al. (IcWl). Ckqqight lY91 by the Federation of American &&ede~ 
for Expea-imennl Biology. 

als, this is rcsolvcd when a source of diclary choline is provided 
(Buchman cl al,, 1992, 1993, 1995; Chawla ct al,, 1989; Shapira ct 
al., 1986; Shcard CL al., 1986). Tn a double-blind protocol, invcstiga- 
m-s administcrcd lccilhin (30 pcrccnl phosphatidylcholinc) orally 
LO palicnu rccciving TPN lwicc daily for 6 weeks. At the end of this 
time, plasma choline had risen by more shan 50 pcrccnt in Lhc 
lccilhin group whcrcas in the placcho group it had dccrcascd by 25 
pcrccnt. In ihc trcaLcd group, liver fal dccrcascd by 30 pcrccnt 
(Buchman ct al., 1992). In anoihcr small clinical study (Buchman 
CI al., 1995), four patients who had low plasma ~~n~~n~rati~ns of 
free choline aficr trcaurwnt with TT’N (which contained no addi- 
tional choline) wcrc given 1 to 4 g/day of choline chloride for 6 
wccb. During choline administration, plasma choline concentration 
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kidney; fishy body odor; and possible growth suppression in chil- 
dren from obcrvakional data and as dctcrmincd by cxpcrimcntal 
studies in animal mod&, 
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Preface 

The issues addres& in this report as well ai in the previous 5 year 
report, Cummtttee Military Nvtrition Research: Acfivity Rqwrl 19861992, 
(Marriott and Ekl, 1992.), iktrate the diversity of &ivitics addressed by the 
Committee on Military Nutrition Research (CMNR). This diversity has 
required the use of a broad range of cxpertix to respond to the issues brought 
to the CMNR. ‘Ihe range of scientific disciplines represented on the CMNR 
has been augmented as necessary through the use of workshops or special 
advisors to enable the CMINR to bring the degree and breadth of expertise 
necessary to properiy respond to the subject under review. The committee has 
been pleased with and is very appreciative, of the willing participation of the 
invited participants in these t~&ons and of their providing written papers 
which have constituted a major part of the CMNR reporta. Many of t&e 
workshops have included experts from within the military who have shared 
their research activitiw and information, They have been excellent rq~esenta- 
tivcs of the quality’ of rusearch that the military has been conducting on many 
of these problems. 

The military is to be commended for continuing to ensure that the 
nutritional needs of its personnel are adequately met during the stress of 
military o$ations through its support of nutrition and related research. ‘Ihere 
has also b&n interest and suppart for modifications of rations of militrny 
personnel con&rent with the advice provided by the nutrition and public 
health leadership in the Uniti States. The CMNR is cognizant of the desire 
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to balance long-term health considerations with the demands of maintaining 
performance under the environmental extremes of military operations. 

The ability of operational rations to help sustain military performance has 
been the subject of CMNR review since 1982. Field studies have shown the 
adequacy of nutrient intake other than calories sufficient to maintain the weight 
and performance of troops in the field. Complex interactions involving 
palatability of the ration components, convenience, fluid intake, socialization, 
and physical and psychological stresses chat influence the consumption of 
operational rations are discussed in the publication, Nor Eating Enough, 
&wcoming Underconsumption of Operufional Rations (ChdNR, in press). 
Further evaluation of these complex factors will undoubtedly continue to be 
of interest to the military and the CMNR. 

We have appreciated the close working relationships with COL David 
Schnakenberg and Colonel Wayne Askew, who have now retired, and the 
excellent liaison they provided between the military and the Committee. They 
greatly assisted the work of the Committee by bringing issues forward for 
consideration and helping to identify expertise familiar with these problems, 
particularly from within the armed forces. We look forward to continued close 
association and guidance from Dr. James A. Vogel and his group at 
USARIEM. 

As Committee Chair, 1 express my deep appreciation to all of the 
Committee members who have given their time, dedication, and expertise to 
the careful analysis of the issues and to developing the conclusions and 
recommendations of the Committee. I also thank all participants in the many 
workshops who have greatly aided our activities and assured that the 
appropriate expertise has been available to the Committee. Finally 1 wish to 
express my appreciation to the staff of the Food and Nutrition Board assigned 
to this activity ov&r the past 3 years. 

In particular 1 acknowledge for myself and the entire committee the 
outstanding support presently provided to this activity by Bernadette Marriott, 
Ph.D., Associate Director, Food and Nutrition Board, institute of Medicine, 
and her assistant, Donna Allen. They have worked with extreme dedication to 
update and complete publicatign of several pending CMNR reports and to 
assure a timely response to the issues currently under consideration by the 
Committee. The additional assistance of Paul Thomas and Susan Knasiak with 
this activity report is gratefUlly acknowledged. 

Robert 0. Nesheim, Ph.D. 
Chair 
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Conclusions and Recommendations 

CONCLUSIONS 

As stated in Chapter 1, the Cormnittee on Military Nutrition Research 
(CMNR) was asked to respond to six specific questions dealing with the 
potential for food components to ~enhance performance for military personnel 
in combat settings. The committee’s responses to these. questions appear below. 
The committee further reviewed the current knowledge base regarding specific 
categories of food components that were identified by Army scientists as 
having potential to enhance performance in light of the cfassification of 
ergogcmic aids and the mechanisms of action as discussed by John ivy 
(Chapter 12). Substances that may optimize physical performance are 
frequently r&-red to as ergogenic aids {Chapter 12). These may be divided 
into five categories: (1) mechanical, (2) psychological, (3) physiological, (4) 
pharmacological, and (5) nutritional. The mechanisms by which foods or food 
components may act as ergogenic aids as discussed by Ivy are (1) acting as 
central or peripheral stimulants, (2) increasing the storage or availability of 
limiting sub8trates, (3) acting as a supplemental fuel source, (4) reducing or 
neutralizing metabolic by-products, and (5) enhancing recovery. Each fbod 
component was also reviewed in light of the time frames and military 
scenarios drawn up by Army scientists (see Appendix A). The recommenda- 
tions and conclusions drawn about the potential for these food components to 
enhance performance are included in the specific committee recommendations 
that follow. 
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GENERAL CONCLUSIONS 

General Concepts of Performance Enhancement 

The first consideration in maintaining or enhancing performance is to 
endeavor to insure that troops are in a well-hydrated, rested and well-nourished 
state-including optimal amounts of ali essential micronutrients, plus the best 
in military training, both physical and mental, in advance of anticipated periods 
of stress. Under these circumstances &ormance is unlikely to be improved 
in the absence .of the imposition of military operations which impose physical 
or mental stress. 

Obviously battlefield situations are not free of stress. Under those 
conditions troops are fresuentiy deprived of sleep, apprehensive, haven’t eaten 
sufficient food to meet their energy expenditures, dehydrated to varying 
degrees and exposed to environmental extremes of heat, cold, altitude, etc. 
which impacts on their physical and mental state. ‘Given these conditions, 
enhancement of performance is more likely to be rtioring performance to 
non-stressed baseline than to improvement over that expected hm well- 
nourished and well-rested troops. The military Science and Technology 
objective (STO) of enhancing performance by IO-15 percent is more realistic 
in short term enhancement of performance under stress thau to obtain super 
performance from troops in a well-fed, well-rested state. 

While some of ‘the food components considered in this report may be 
used at usual dietary levels (caffeine, carbohydrate) others are likely to be at 
levels of intake that may be considered pharmacological. These components 
may be provided in operational ration items designed to be used at specific 
times and provide short-terqr enhancement through increased vigilance, 
reduced feeling of fatigue, improved mental state, etc. The enhancement 
capability of a component likely will have a threshold which must be met to 
have a benefit and will also likely have a “wear out” when the stiniuius cau no 
longer overcome the adverse effect of the stress. In researching the effective- 
ness and safety of these pharmacological components it will be important to 
determine these le,vels and tinie periods to evaluate both safety and efficacy. 

It is also nqted that some of these helpful nutritional effects may be 
maximized by the additional use of conventional over-the-counter drugs that 
block the intracellular formation of stress-induced prostaglandins, which 
contribute importantly to many symptoms and the ill effects of stress. 



Food Components or Nutrients that 
Offer Putential to Enhance Performance 

The fol1owin.g food components have potential for enhancing performance 
under certain circumstances that may be encountered in mil.itary operations. 

l Carbohydratr?s. ?%e role of carbohydrate as a fuel source for 
extended physical activity is well-known, Tncreased storage of glycogen prior 
to extended physical performance through consumption of high-carbohydrate 
meals and consuming carbohydrates during au extended physical activity as a 
meaus of increasing performance is well established. Studies with widiers in 
military activities are less clear but likely relate to the more intermittent nature 
of the physical activity, in comparison with the extend&d moderate-to 
high-level physical activities of athletic competition. The value of carbohydrate 
supplementation in extending physical performance is usually demonstraW 
aftm GO-90 mintftes of continuous activity at 60 to 70 percent of maximal 
oxygen uptake (V,,J). Moderate to heavy physical activity of a lessa time 
period follbwed by rest or reAce.d activity does not usually demonstrate a 
value for carbohydrate supplementation during the activity. 

The potential mle for carbohydrates in tiecting such behaviors as mood, 
pertormance, and satiety, with emphasis placed on sensorimotor and cognitive 
pcr~ormancc as discussed in Chapter 18, is worthy of further consideration. 
Mood changes that may affect motivation to operate under stressful conditions 
are an impdrtant consideration. These saesstil situations, such as combat, may 
unmask performance deficits that are not apparent under nonstressful 
conditions. It also ‘hhould be emphasized that meals contaiuing protein and 
carbohydrate demonstrate more beneficial effects than meals tliat are nearly 
protein-free. The behavioral effects seen are usually time context dependent. 
Snacks (providing combinations of protein and carbohydrate) ‘may have utility 
in enhancing performauce between meals. Research in evaluating the benefits 
of supplemental carbohydrates on performance should include, the more subtle 
evaluations of motivation and coping in addition to the simple wgnitive and 
sensorimotor measures. 

Evaluation should be made of the potential perfommnce-enhaticing 
benefits of supplemental carbohydrate and carbohydrate-containing snacks on 
physical and cognitive performance, including mood and motivational effects. 

l Caffeine. Caffeine exerts its central nervous system-mediating effects 
by blocking adenosine receptors. Its stimulant effects when compared with 
those of other drugs such as amphetamines are weak, but most studios lo date 
suggest that caffeine tends to delay sleep and reduce the deterioration of 
performance associated with fatigue and boredom. Caffeine at higher doses 



reverses sleep deprivation-induced degradation in cognitive performance, 
mood, and alertness-important considerations in extended military operations 
in subjects who report low levels of caffeine intake. The principal side effects 
include nervousnessljitteryness and decreased sleepiness, which may persist for 
several hours. 

Caffeine defmitely should be considered in developing performance- 
enhancing rations or ration components. Caffeine is safe as a component of 
food at doses required to overcome sleep deprivation and has been included 
in diets in coffee and many sofi drinks. Since many soldiers may not normally 
drink coffee, a.mechanism for including caffeine in another ration component 
that can be selectively used when the situatia roquir~~ shouid be evaluated 
it appears that doses of 300400 mgf70-kg person will achieve the desired 
stimulus in those nonhabituated to caffeine; additional research needs to he 
conducted to determine the effects of this level of caffeine in those with higher 
habitnal intakes. 

* Tyrosine. The amino acid tyrvsine is the precursor of the neurotrans- 
mitters doljamine, norepinephrine, and epinephrine. Under highly stressful 
conditions, the availability of tyrosine may be rate iimiting for the synthesis 
of these neurotransmitter products. The observation that the functioning of 
catecholam&rergic neurons can be precursor dependent is the basis for the 
hypothesis that tyrosine will mitigate the adverse effects of acute stress, 
because such neurons regulate, in part, the behavioral, cardiovascular, and 
neuroendoerine consequences of stress. 

A series of studies in animals has demonstrated that the performance 
decrement observed in highly stressed animals can be restored by tyrosine 
supplementation. Studies in humans as well as animals suggest that the amino 
acid tyrosine may have beneficial effects on humans that are subject to acute 
strosscm. The adverse effects of hypoxia, cold, body negative presswe, and 
psychol0gica.l stress have been reduced by treatment with tyrosine. Research 
is needed to define methods of administration and the effective and safe levels 
of tyrosine required. 

l Cbotioe. Choline and choline-containing compounds are critical for 
a wide variety of processes within the body, including acting as a mcssongcr 
within the cells and as neurotransmitters in the nervous system controlling 
muscle contraction, providing methyl groups in a variety of intracellular 
reactions, acting as a component of triglyceride transport, and participating in 
the immune response. ?he best-known function of choline is as a component 
of acetylcholine, an important neurotransmittar. 

Free choline and choline-containing esters are present in a wide variety 
of foods in the human diet. The usual intake is estimated to be in the range of 



200-1,000 mg per day. There is no Recommended Dietary Allowance (RDA) 
for choline in humans, but intake of 500 mg/day results in decreased plasma 
choline and phosphatidylcholine concentrations. Diets deficient in choline 
produce liver dysfunction within 3 weeks, resulting in massive triglyceride 
accumulation in the liver and abnormalities of plasma levels of liver enzymes. 

There is evidence that diets low in choline reduce muscle performance. 
Dietary choline supplementation of individuals with normal intakes during a 
20-mile (32&n) run improved the run time by 5 minutes and prevented the 
drop in plasma choiiue levels normally associated with the run, 
Placebo-controlled, randomi&, double-blind trials are needed to determine 
whether choline supplementation will enhance performance of military 
personnel undergoing rigorous activity in the field. 

Choline suppieme&ctiou enhances memory and reaction time in animals, 
par!5xlarly aging animals, and enhances memory in humans. Although the 
mechanisms fix this are unclear, there are indications of alterations of the 
anatomy of brain cells, Carefully controlled laboratory studies with human 
subjects may suggest field studies to evaluate cognitive perfonnancc 
enhancement in stressful field situations. 

With the diversity of functions of choline in the body, there is ample 
reason for interest in reviewing its possible value in maintaining or enhancing 
performance of the soldier. Since choline is a normal constituent of many 
foods aud can safely be used at the high usual levels of intake, it is worthy of 
evaluation to determine whether it may enhance either the physical or the 
cognitive performance of soldiers who are functioning in a stressful environ- 
ment. 

Other Food Components of Theoretical Importance 
but Low Probability of lntproving Performance 

On the basis of a review of information presented at the workshop and 
review of background materials, it is concluded that the following materials 
have some theoretical importance but offer a very low probability of 
demonstrating an improvement in performance under conditions anticipated in 
military operations. 

l Carnitine. Camitine is important metab9licaliy in exercising muscle. 
Caroitine functions as a transportable high-energy compound that can be 
reformed without the use of Al?. Tt acts as a stonhousc of high-energy 
compounds, stimulates fatty acid oxidation, transports acylcoeuzyme A (acyl- 
CoA) across membtaues, prevents the accumufation of Lactate, and stimulates 
carbohydrate and amino acid utikation. These functions have led to the 
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hypotheses that supplementation of free camitine, acetylcamitine, or propionyl- 
carnitine theoretically might enhance the oxidation of f&y acids during 
exercise, thus sparing the use of muscle glycogen, delaying the onset of 
fatigue, and enhancing exercise performance. 

Most Americans consume 50-100 mg of carnitine per day, with some 
consuming three times that amount. Carnitine appears to be safe, but there is 
little evidence to suggest that higher amounts are beneficial to healthy 
individuals. Camjtine has been extensively researched, and at this time there 
is no conclusive evidence that carnitine supplementatiou is helpful in 
enhancing physical performance during exercise. 

Its importance metabolically in exercising muscle indicates that research 
on its use should be followed. It is not recommended for consideratiotl in 
militzuy ration development at this time. 

l Structured lipids. Structured lipids are defined as fats lhat are 
synthesized from mixtures of long- and medium-chain fatty acids. Therefore, 
they are differentiated from typical dietary fats by the presence of 
medium-chain fatty acids (5-10 carbon atoms). Their potential as a 
pedormance-enhancing ingredient is based on the hypothesis that glycogen 
utilization during exercise may be spared by the rapid oxidation of the 
medium-chain fatty acids, Since the medium-chain fatty acids in the diet are 
delivered directly and rapidly to the liver via the portal circulation, their 
metabolism in the liver produces the ketone bodies acatoacetate and O-hydrox- 
ybutyrate, which would circulate to the muscle and be oxidized, sparing 
glycogen. 

The nutritional advantages of structured lipids have been demonstrated 
mostly in individuals with such stresses as burns, trauma, and infection. 
Research to date has not supported the hypothesis that the supplements of 
structured lipids will spare glycogen utihzation during exercise, which is more 
closely related to the objective of enhancing physical or mental performance 
during military operations. In the absence of new data that demonstrate 
potential in this area, the inclusion of structured lipids in rations or food 
components for improving performance is not recommended. 

ANSWERS TO THE QUESTIONS POSED TO THE COMMITTEE 

The committee has answered the six questions posed by the Army in light 
of the general conclusions described above. These answers are further 
elaborated in the recommendations that follow. 
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1, Is enhancement of physical and mental performance in “a~rrnal,~~ 
healthy, young adult soldiers by diet or supplements a potentiatly fruitful 
approach, or are there other methods of enhancing performance that have 
greater potential? 

Emphasis should be given to making sure that troops are adequately 
hydrated and fed prior to military operations. There is little evidence from 
current nutrition research to suggest that soldiers aiready consuming nutrition- 
ally adequate rations as specified in the Military Recommended Dietary 
Allowances (MRDAs) will show significantly improved performance when 
nutritional supplements are added (as differentiated from pharmaceutical levels 
of some food components). Troops going into operational situations are 
presumably in good physical condition and have been consuming adequate 
mounts of military rations to meet their nutrient 1~4s. Tnditiduai vitamin and 
mineral supplements are unlikely to improve performance under these 
circumstances, Soldiers who have been deprived of adequate food intake for 
a period under the pressure of military operations wo,uld likely benefit from 
receiving additional food to overcowe the caioric deficit before entering 
another operation. Similarly, if they have ~~BII deprived of adequ&e sleep or 
rest because of extended physical activity, an opporttun$ to sleep or physically 
rest would help restore performance to normal levels. 

Stimulants such as caffeine may help in the short term to overcome the 
effects of physical and mental fatigue when continuous operations are required. 

2, The Army Science and Technology Objective (STO) states: By 
FY98 demonstrate a 10-15 percent enhancement of soldier performance 
in selected combat situations through the use of rations/nutrients t.hat 
enhance caloric utilization and/or optimize the physiological levels of 
ncurotransmitters. (Army Science Board, 199 I>* 

Is the level of enhancement identified in this ST0 reasonable with the 
current scientific knowledge? 

The Army Science and Technology Objective (STO) of demonstrating a 
10-i 5 percent enhancement of performance through specific ration or nutrient 
consumption by Fiscal Year 1998 is overly optimistic, particularly if this is 
expected as enhancement over the level achieved by nom?al, well-fed, 
physically fti soldiers. However, if enhanced performance is defined as 
restoring or preventing all or part of the decrease in performance that is 
usually encountered over extended field operations, then there may be 
opportunities to achieve this objective. 

Current studies of troops in extended field operations show that troops 
tend to reduce food intake, lose weight, and in some instances dehydrate. 
Overcoming these deficits is more likely to maintain performance. Since only 
modest dehydration will result in reduced performance, ensuring adequate fluid 
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intake offers the best opportunity to overcome potential performance deficits. 
Adequate food intake to meet caloric needs also wiil help maintain high levels 
of pe&mance. Under conditions of ex&nded moderate physical activity, 
carbohydrate supplementation to maintain muscle glycogen levels can extend 
the abiIity to perform at this activity level. Simply eating frexluent meals may 
accomplish this. Stimulants such as caffeine may also temporarily maintain 
physical and cognitive performance. 

3. Which food components, if’ any, would be the best candidates to 
enhance military pbysicai and mental performance? 

Food components that would help provide energy sources to large 
muscles would be most likely to enhance or maintain performance. The proper 
use of carbohydrate supplements for persons engaged in corrt~uous, moderate 
physical activity over at least 1.5 to 2 hours has the ability to extend the time 
to exhaustion. Caffeine has also been demonstrated to improve physical and 
cognitive performance. Q-rosine may also benefit cognitive perfo~~~~ under 
certain circumstances. Choline has shown some possible benefit iu improving 
performance over extended periods of physical activity. Studies with marathon 
athletes need to be carefuily reviewed relative to these applicatious to military 
operations, Soldiets in military operations seldom are required to perform at 
a similar continuous level of physical activity and over the extended time 
period as athletes in marathon events. 

4. Shouid tbe mode of administration be via fortification of the food 
in rations, supplemented via a separate food bar or beverage component, 
or administered in a “vitamin pill mode”? Is palatability a significant 
issue in this type of supplementation? 

The answer to this question depends not only on what food component 
or individual nutrient is under consideration but also on issues of safety and 
efficacy that have not yet been addressed. Depending on the circumstances, 
carbohydrate supplements can be delivered effectively .in either beverages or 
snack bars. Caffeine is currently widely consumed either in beverages or in pill 
form, as a macros of enhancing wakefulness and alertness. It could easily be 
added to snack bars or food items, but because of adverse reac%ions to caffeine 
in some indi\jiduals as well as religious proscriptions, this would be lass 
desirable. It is premature to answer the question for individual nutrients such 
as tyrosine, tryptophan, and cholirie. Their effectiveness depends on large 
increases in plasma lexelg and is reduced when consumed as part of a normal 
meal containing protein and carbohydrate. Conversel3(, their safety is likely to 
be highest when these su&mces are consumed as suppl~ents to a meal. The 
safety of these substances as single ,supplements when give in large enough 
doses to be effective Jias not yet been demonstrated. 
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5. Are there specffk ethical issues that need to be considered with 
this type of research? 

The ethical issues depend upon the nature of the enhancement. When the 
safety of the use of the ration is not an issue, informing the soldiers about the 
ration and its purpose should suffice. 

If the component(s) is used at a pharmacological level, the criteria for 
evaluating the safety of the component as a drug should be met. Soldiers 
should be informed of its benefits, and possible side effects and should be 
educated mcerning its condition of use. Research needs to proceed through 
proper stages of safety and efficacy evaluation before trials on large numbers 
of troops are conducted, Issues related to ethnicjty, gender, and religious 
beliefs need to be considered, and evaluation and follow-up on any reported 
adverse or side effects must be conducted. 

The best guidelines for this research would be U.S. Food and Drug 
AdministMon (FDA) guidelines for research on proposed new drugs. 

6. What regulatory issues must be considered with tbe types of food 
components that are being evalnated by the Army? 

The considerations for the approval of food additives are well developed 
by John E. Vanderveen in Chapter 23. The most important consideration is the 
demonstrated safety of the material in question. The general approach to 
demonstrating safety is we11 spelled out in the FDA’s Red Book (Food and 
Drug Administ@on, 1982). A further consideration is the matter of whether 
the uses considered during this workshop represent usage as a “food” or as a 
“drug.” Different regulations control each class of materials. Further, if a 
substance is classified as a “drug,” then not only must safety be demonstrated 
but data showipg efficacy must also be presented. 

It would seem critical for the militajr to follow the same requirements 
that the FDA would require for general use of a component in the civilian 
population. T&rafore in considering the components other than cafYeine and 
carbohydrates that have been discussed as agents capable of enhancing 
performance, it is important to recognize that none of these materials has been 
demonstrated @ be “safe,” notwithstandihg the fact that all of these agents 
exist in natural foods at levels requited for potential effects. Importantly, the 
proposed uses (to enhance perfonn&nce) require exposure levels that are in 
excess of what would be consumed in foods. 

It would seem that the intended uses as &rfonnance enhancers would 
classify the compounds in question in the drug category. The testing 
requirements are not necessarily niore stringent for a drug; in fact, as noted by 
Dr. Vanderveen, a drug classification pennits a benefit-risk consideration that 

~ is not possible for a food category consideration. Il~us, it would be necessary 
I\ 
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to generate data demonstrating minimal risk from the exposures expected and 
data clearly demonstrating a benefit from the proposed doses. 

RECOMMENDATJONS 

General 

1. On the basis of data presented at the workshop, the Army’s prior 
selection of carbohydrate, caffeine, and tyrosine as f& eupplements that may 
enhance perfornwnce is fully justified. it is recommend4 that research with 
all three should continue. 

2. The utility of caffeine in reversing the degradation in cognitive 
performance, mood, ad alertness associated with sleep deprivation that has 
been widely explored at USARIEM and elsewhere is well untiood. It is 
recommended that ~&WC research with this compound explore and attempt to 
categorize individual differences in responses to caffeine as well as the issue 
of-expedancy and placebo effects. 

Recommendations Regarding Food Components 
Proposed by the Army 

On the basis of the papers presented by the invited speakers, discussion 
at the workshop, and subsequent committee deliberations, the Committee on 
Military Nutrition Research recommends the following: 

1. Ihe following components have clearly demonstrated their ability to 
enhance performance under appropriate simulated conditions and should be 
evah~ated in appropriate delivery systems. 

Caffteine. Caffeine functions as a weak stimulant that, in low doses, tends 
‘to delay deep and reduce the deterioration of performance associated with 
fatigue and boredom. At higher doses cafl?eine reverses the sleep 
deprivation-induced degradation In cognitive performance, mood, and aleztness. 
The long experience with the use of coffee suggests that caffeine is safe at 
levels required to achieve the desired efk%s, and its effects are reversible over 
time. The primary issues that need to be answered @I providing caffeine 
are the appropriate carrier that should be used to provide the supplement 
and the amount required to achieve the desired benefit in those both 
habttuated and nonhabltuated to it. Since it w&Id not be desirable to inhibit 
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sleep when operations permit, the timing and availability of the 
caffeine-containing food component should be evaluated. 

Carbohydrate. Carbohydrate is an important fuel source and is 
particularly important for enhancing extended continuous physical activity. The 
potential role for carbohydrate in affecting such behaviors as mood, perfor- 
mance, and satiety relating to sensoritnotor and cognitive performance has not 
been as thoroughly evaluated. Many studies have been carried out with 
carbohydrate supplements, with the major emphasis on physical performance. 
The committee recommends that this line of research at USARIEM should 
be continued. However, emphasis should be shifted to the effect of the 
macronutrient composition of meals and suppkments on the affkctive 
domain, iucludiug such aspects as mood, perceived fatigue, and motiva- 
tion. Hedonic properties and the timing and setting of meals and ‘supplelnents 
me important variables to be considered, as are food preferences and aversions 
related to race, ethnicity, geography, and gender. Carbohydrate-conttiining 
snacks, which also provide suffkient protein, should be evaluated as a meaus 
of overcoming fatigue and improving mood and performance. Research to 
evaluate the performance-enhancing potentials of such products should be 
conducted not only as a means of potentially improving performance ‘in the 

1 short term but also as an aid in overcoming some of the caloric deficits u’sually 

‘i noted for troops in field operations. It is also suggested that the possibility of 
providing caffeine in such a product may define a product that could bk used 
in a particularly stressful time to enhance performance. 

2. The following components are suggested for further research on the 
basis of their importance in energy metabolism and/or neurotransmitter actions 
in the body. 

Choline. On the basis of its diverse functions in the body, both in 
physical performance and in cognitive function, and limited studies demon- 
strating potentially improved performance in exumded physical activity, in 
cognitive function in animals and humans, and its relative safety, the 
committee believes that choline should be evaluated for its performance 
enhancement potential. The committee recommends that choline should be 
added to the list of food supplements that have poteutial to enhance 
performance and that are being evaluated at the U.S. Army Research 
Institute of Environmeutal Medicine (USARl.EM). it is suggested that 
wetilly controlled laboratory studies with human subjects be conduct4 
initially, the results of which may suggest field studies that could be used to 
evaluate enhanced physical and/or cognitive performance under stressful field 
conditions. 
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Tyrusine. Research has demonstrated that tyrosine may be rate limiting 
for the synthesis ofneurotransmitkr products under highly stressful conditions. 
Animal studies and limited human studies have demonstrated that tyrosine may 
have beneficiai effects in overcoming the adverse efkcts of acute streasors. 
These data are encouraging and demonstrate that additional research should be 
conducted under carefully controlled conditions to further define when tyrosine 
may be beneficial in reversing acute stress. The research with tyrosine 
currently being carried out at both USARIEM and the Naval Medical Research 
Institute is exciting, The committee recommends that this research be 
expanded, with more emphasis placed on safety, intcractfons with ration 
consumption, stress, and field studies, Data me required on the safety of 
tyrosine use at levels required for efficacy. Since the effect of tyrosine appears 
to be pharmacologicai, the FDA protocds for demonstrating safety and 
efficacy should be considered. Evaluation of the proper method of delivering 
an effective dose of tyrosine to afkted troops would also be required. 

3. The following compounds have a low probability of enhancing 
performance through their use in military rations. 

Carnitine. Because of its importance metabolically in exercising muscle, 
research in the exercise physiology literature should be monitored, but 
carnitine is not recommended for consideration in performance enhancement 
ration development and evaluation by the military until it is demonstrated that 
carnitine supplementation over that not-ma& supplied in usual military rations 
has some value. 

Structured lipids. There are no data to support the fact that structured 
lipids spare glycogen utilization during exercise and therefore support 
improved performance. It is recommended that structured lipids not be further 
evaluated as a performance-enhancing component of operational rations, 

Specific Recommendations 

nrosinc. Although tyrosine has been demonstmkd to reverse the effects 
of certain acute stressors, some critical issues remain to be addressed before 
it can be recommended for use in enhancing the performance of acutefy 
stressed military personnel. These issues, as outlined by Harris R. Leibennan 
(Chapter IS), are as follows: 

1. demonstrating the generakability of tyrosine effects across a wider 
range of stmsor3, 



2, establishing a doseresponse function for tyrosine’s beneficial effects, 
3. determining whether tyrosine has efficacy in chronic stress paradigms, 
4. determining the safety of tyrosine administration, 
5. assessing the risks and benefits of acute versus chronic administration 

of tyrosine, and 
6. determining the most appropriate method for providing tyrosine 

supplementation. 

Choline, Both clinical and basic researcl~ into choline and its effects on 
the body may have reievance for the military. Several clinicai studies are 
obvious: 

1. studies to determine whether choline suppleaxntation enhances 
endurance and muscle pe&ormence, and 

2, studies to determine whether choline supplementation enhances 
intellectual perficmnance and whether this alters pcrfimnance of soldiers in the 
field. 

Carbohydrate supplements. Since carbohydrate supplements have been 
shown to enhance performance in athletes performing at moderate to heavy 
leveis of physical activity for extended periods of time, it is desirable to 
evaluate various military operational scenarios to determine whether and when 
a carbohydrate supplement would be advantageous. Suggested areas are: 

1. continuous load carrying at SO-70 percent maximal oxygen uptake for 
l-2 hours without resting, and 

2. sleep-deprived states when moving into simulated~mbat situations. 

Another possible area of research would be to determine the amount of protein 
needed in relation to carbohydrate to prevent the “perceived fatigue” effect 
reported with carbohydrate intake. 

Other Areas that Offer Research Potential 

l While tryptophan was extensively used by many individuals, serious 
safety concems led to its being banned from use. Depending tlpon federal 
regulatory guidelines, tryptophw may at some point offer research potential 
in the area of sleep promotion, issues of mode of admini&ation aad dose 
would be areas of significant concern for military research with tryptophan. 

l Laboratory research indicates heightened self report of fatigue after 
ingestion of high-carbohydrate, low-protein supplements. Studies of carbohy- 



dratdprotein ratios in supplements also offer research potential for sleep 
promotion. 

* Limited data from laboratory studies suggest that the buffering effects 
af sodium bicarbonate ingestion on muscle pH changes during physical 
exercise offer potential fur further research. 

* Glycerol is another substance that, althaugh not specif?calIy covered 
in this workshop, may warrant further invesdgation as a dietary supplement to 
enhance performance. 

l Likewise, while not sp,eciflcally discussed in the CMNR workshop, 
there are reports that carbohydrate supplementation is beneficial in improving 
performance at high altitude. 

l Although this report has emphasized the specific isolated food 
components identified by the U.S. Army, and thereby focused tecommenda- 
tions regarding these components on a component-by-component basis, further 
research would need to include careful investigations of the interactions among 
any components as well as the interactions of regular dietary Ievels of caffeine 
and carbohydrates with performance-enhancing food components. 

l Symptoms that frequently occur during stress (including headaches, 
myalgias, somnolence, and reduction in food intake) contribute importantly to 
decrements in performance. CarefWy controlled studies should be considered 
during military-type stresses of the ancillary use, prophylactic an&or 
therapeutic, of common, symptom-trearing, over-the-counter drugs that block 
the cytokineinduced intracellular production of prostaglandins, that is, drugs 
such as asp&n or ibuprofen. Prostaglandin blockade with such chugs could not 
only reduce symptoms to improve performance but could also have the 
ancillary nutritional benefits of improving appetite and reducing the hypcrrneta- 
bolic loss of body nutrients and muscle protein known to be associated with 
prostaglaudin release. 

AREAS FOR FWTURE RESEARCH 

The Committee on Military Nutrition Research recognizes the potential 
value for pe&rrnance enhancement in combat settings and suggests a number 
of areas for future research within the military. The CMNR believes that the 
military services, through their pool of volunteer personnel, offer an exccllcnl 
and often unique opportunity to generate raearch data and statistics on the 
nutrition, health, and stress reduction in service personnel. These fmdings can 
be directly applied to improving both the health and the performance of 
military personnel and those of the general U.S. population. 



1. Much of the research needed to establish the safety of large doses of 
tyrosine and potentially choline needs to be carried out with rats. Amino acid, 
neurotransmitter, and m&&o&e levels nee4 .to be measured in specific brain 
nuclei, and many other animal studies are needed including gross and 
microscopic pathologies in both short-and long-term experiments. Possibly this 
could be accomplished through the Army funded neuroscience research at the 
Pennington Biomedical Research Center, Baton Rouge, Louisiana, in scipport 
of the human studies at USARTEM. 

2. Performance, including cognitive, emotional, and physical aspects, is 
of crucial importance to all service branches, It is recommended that an 
interservice committee be established to coordinate and facilitate resew& 
and development activities In this area, 

3. A final general recommendation IS to focus autrition/performaace 
research on diet/stress/immune Punctlon relationships in both acute and 
chronic situations. It would be desirable to relate the research, at least in part, 
to researchable issues raised by the two Ranger studies. Immunological studies 
should include studies of humorai immunity, cellular immunity, and plasma 
cytokine concentrations before, during, and after the period of stress. 

I’Ite Committee on Military Nutrition Research is pleased to participate 
with the Division of Nutrition, U.S. Army Research Institute of Environmental 
Medicine, U.S. Army Medical Research and Development Command, in 
programs related to the nutrition and health of U.S. military personnel. The 
CMNR hopes that this information will be usetil and helpful to the U.S. 
Department of Defense in developing programs that continue to improve the 
lifetime health and well-being of service personnel. 
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Table la. Choline Intake of Indicator Foods in Adults 

ADULTS 
Estimated choline intake, 730-1040 
mg/d 
Percent of population Percent of 

Adults 
Males, 20+ years 0.339 0.479 
Females, 20+ years 0.368 0.521 

Intake of indicator foods, 
p/dav 

Total meat 
/ Males, 20+ 
1 269 

1 Females, 20+ 
1 166 

Total adult intake’ 
215.4 

Choline content, ma/g 
0.6875 

Choline intake, mg/day 
148.1 
112.0 Eggs 24 16 19.8 5.6464 

Nuts 4 6 3.5 0.9967 3.5 
Table fats 5 4 4.5 0.2352 1.1 
Apples 17 17 17.0 0.0335 0.6 
Bananas 19 18 18.5 0.0309 0.6 
Lettuce 18 17 17.5 0.3236 5.7 
Citrus fruit 11 12 11.5 0.0743 0.9 
Whole milk 52 33 42.1 0.0395 1.7 
Potatoes 80 51 64.9 0.0870 5.6 
Tomatoes 38 29 33.3 0.0535 1.8 

TOTAL 281.6 
‘From CSFII, 1994-1996 Tables 9.2,9.3,9.4, 9.5 and 9.6. 
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Table lb. Choline Intake of Indicator Foods in Children Nine Years of Age and Under’ 

Table fats 2 0.2352 0.5 
Apples 27 0.0335 0.9 
Bananas 15 0.0309 0.5 
Lettuce 3 0.3236 1.0 
Citrus fruit 8 0.0743 -0.6 
Whole milk 153 0.0395 6.0 
Potatoes 37 0.0870 3.2 
Tomatoes 12 0.0535 0.6 

TOTAL 160.7 _ 
‘From CSFII 1994-96 and 1998 Tables 1 OA, 11 A, 12A, 13A, and 14A. 
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Table 2. Per Capita Daily Intake Estimates of Choline: Assuming Fortification Level of 55 mg Choline Per Serving 
(mg choline/day) 

NA= Not Applicable. The number of respondents is too small to calculate a distribution. NRC= No Reported Consumption. No respondent reported consuming these foods. 
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Table 2. Per Capita Daily Intake Estimates of Choline: Assuming Fortification Level of 55 mg Choline Per Serving (Cont’d) 
(mg choline/day) 

Yogurt 

Milk Whole Regular Low-Calorie 
Based Egg Meat Wheat Multigrain Other Salad Salad 
Fluids Substitutes Substitutes Breads Breads Muffins Bars Dressing Dressing Total 
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Table 3. Per User Daily Intake Estimates of Choline: Assuming Fortification Level of 55 mg Choline Per Serving 
(mg choline/day) 
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Table 3. Per User Daily Intake Estimates of Choline: Assuming Fortification Level of 55 mg Choline Per Serving (Cont’d) 
(mg choline/day) 
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Table 4. Per Capita Daily Intake Estimates of Choline: Assuming Fortification Level of 110 mg Choline Per Serving 
(mg choline/day) 

NA= Not Applicable. The i~tlm 



Table 4. Per Capita Daily Intake Estimates of Choline: Assuming Fortification Level of 110 mg Choline Per Serving (Cont’d) 
(mg choline/day) 

NRC= No Reported Consumption. No respondent reported consuming these foods. 
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Table 5. Per User Daily Intake Estimates of Choline: Assuming Fortification Level of 110 mg Choline Per Serving 
(mg choline/day) 

NRC= No Reported Consumption. No respondent reported consuming these foods. 
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Table 5. Per User Daily Intake Estimates of Choline: Assuming Fortification Level of 110 tug Choline Per Serving (Cont’d) 
(mg choline/day) 

NRC= No Reported Consumption. No respondent reported consuming these foods. 
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